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A METHOD AND APPARATUS (NPAGEOl ) 
Field of the Invention 
The present invention relates to the field of information distribution and printing. 

Background of the Invention 
The background of the invention is detailed in the attached appendix A which also sets out a 
detailed description of the invention. 

Summary of the Invention 
It is an object of the present invention to provide an improved information distribution 

system. 

In accordance with a first aspect of the present invention, there is provided an information 
distribution system for distributing customized information on print media, the system comprising a first 
series of data collection units for collecting customizable data; a network interconnecting the data 
collection units with a series of customization output printers; a series of customization output printers 
comprising: a user identification means to identify a user of the customization output printer; a printer 
activation means to activate the customization output printer; a pagewidth printer element for printing 
customized booklets; such that, upon activation of the user identification means and the printer activation 
means, the data collection units download a current customized booklet for the user and the printer 
element prints out the customized booklet. 

The customization output printer can be arranged such that pages of the booklet are preferably 
fed through the printer from a top to bottom with the booklet being output at a bottom of the printer. The 
customization output printers can include a hopper located in the bottom thereof and the booklet can be 
gravity dropped into the hopper. The customization output printer further preferably can include a 
binding means for binding the pages of the booklet together. The binding means can comprise a fluid 
ejection device ejecting a glue onto a predetermined portion of substantially each page of the booklet. 
The binding means further can comprise compression means for compressing each page of the booklet 
together. 

The user identification means can comprise a fingerprint scanner. The pagewidth printer can 
comprise an elongated wall mounted unit. The data collection units utilize multicasting facilities in 
downloading data to the customization output printers which select stories from the data collection units 
depending upon user interest. The customization output printers utilize public key cryptography for 
access control with the data collection units. 

In accordance with a further aspect of the present invention, there is provided an information 
distribution system for distributing customized information on print media, the system comprising a first 
series of data collection units for collecting customizable data; a network interconnecting the data 
collection units with a series of customization output printers; a series of customization output printers 
comprising: a user identification means to identify a user of the customization output printer; a printer 
activation means to activate the customization output printer; a pagewidth printer elemem for printing 
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customized booklets; booklet collation means for collating the booklet; a print roll unit for storing rolls of 
print media for utilization for printing by the pagewidth printer element; such that, upon activation of the 
user identification means and the printer activation means, the data collection units download a current 
customized booklet for the user and the printer element prints out on the print roll unit pages of the 
customized booklet which are formed into a booklet by the booklet collation means. 

In accordance with a further aspect of the present invention, there is provided an interactive 
information distribution system comprising a series of interconnected data collection units for collecting 
information; an interconnected network; a series of printers for printing out information; a pen device 
including an image sensor for sensing an image area; wherein the image printed preferably can include a 
series of visually distinctive areas containing identification information such that, upon placing the pen in 
the vicinity of a visually distinctive area, the pen is activated to sense and decode the identification 
information, the identification information is forwarded to the distribution computers which in turn 
creates a further customized page for forwarding to a printer unit for printing on demand of a user. 

The identification information can be stored in conjunction with a user identification for 
determining likely future news items of interest to the user. The information preferably can include 
advertising customized in accordance with a users selection of particular identifiers. 

In accordance with a further aspect of the present invention, there is provided a news 
distribution system comprising a series of automated news collection units for collecting, collating and 
storing news stories; a distribution network for electronic distribution of news stories to a series of news 
printers; a series of news printers interconnected to the news collection units via the distribution network 
for printing out a collection of news stories on demand on print media; the printing out including the 
printing out of a series of detectable location markers on the print media; a handheld scanner unit adapted 
to scan the detectable location markers to determine a current scanning location on the print media, the 
handheld scanner being interconnected to the distribution network for transmission of the current 
scanning locations to the automated news collection units; the automated news collection units utilizing 
the current scanning locations to determine customized future news stories to send to a user of the news 
printer. 

The detectable location markers are preferably substantially invisible to the human eye. The 
detectable location markers can comprise a regularly spaced grid in conjunction with a unique 
identifiable positional marker. 

The news stories are preferably page formatted by the automated news collection units and 
downloaded in a compressed form over the distribution network. The news stories are preferably 
composited together into a page by the news printers. 

The output printers are preferably double sided and included watermark data on images printed 
out, the watermark data being detected by means of interference between a front and back surface of the 
print media. 



34486 (N'FAGHOl) Silverbrook doc25/O.SA« 



20 



In accordance with a further aspect of the present invention, there is provided a news 
distribution system comprising a series of automated news collection units for collecting, collating and 
storing news stories; a distribution network for electronic distribution of news stories to a series of news 
printers; a series of news printers interconnected to the news collection units via the distribution network 
for printing out a collection of news stories on demand on print media; the printing out including the 
printing out of a series of detectable location markers on the print media; a handheld scanner unit adapted 
to scan the detectable location markers to determine a current scanning location on the print media, the 
handheld scanner being interconnected to the distribution network for transmission of the current 
scanning locations to the automated news collection units; the automated news collection units utilizing 
the current scanning locations to determine customized future news stories to send to a user of the news 
printer. The handheld scanner unit can comprise a pen shaped unit. 

The system can further comprise a charging unit for placing the pen shaped unit in to recharge 
the pen shaped unit. The charging unit can be cup shaped. The charging unit preferably can include a 
communications unit adapted to register pens placed in the charging unit with the printer. The 
handheld scanner unit preferably can include a series of accelerometers to determine a path taken by the 
handheld scanner unit. The handheld scanner unit preferably can include signature recognition means for 
recognizing a signature pattern executed by a user of the scanner unit. The pen shaped unit preferably can 
include an activation light which changes color in accordance with the operation being carried out by the 
pen shaped unit. 



Description Preferred in Other Embodiments 
The preferred embodiment of the present invention is as set out in the attached appendix 
A which provides for a detailed description of the implementation of an information distribution and . 
printing system denoted NETPAGE. 

25 The ink jet technology utilized can be a wide pagewidth printing system as disclosed in 

the attached appendix B. 

Appendix C illustrates an example customized personal newspaper printed out by the 
NETPAGE system. 

Appendix D illustrates an example of NETPAGE interaction to order a series of 

30 hardware items. 

Appendix E illustrates an example of NETPAGE interaction to conduct an email 

interaction. 

It would be appreciated by a person skilled in the art that nunierous variations and/or 
modifications may be made to the present invention as shown in the specific embodiments in the attached 
35 documentation without departing from the spirit or scope of the invention as broadly described in the 
attached appendices. The present embodiments are, therefore, to be considered in all respects to be 
illustrative and not restrictive. 
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We Claim: 

1 - An information distribution system for distributing customized information on 

print media, said system comprising: 

a first series of data collection units for collecting customizable data; 
5 a network interconnecting said data collection units with a series of customization 

output printers; 

a series of customization output printers comprising: 

a user identification means to identify a user of said customization output printer; 

a printer activation means to activate said customization output printer; 
10 a pagewidth printer element for printing customized booklets; 

such that, upon activation of said user identification means and said printer activation 
means, said data collection units download a current customized booklet for said user and said printer 
element prints out said customized booklet. 

2. A system as claimed in claim 1 wherein said customization output printer is 
15 arranged such that pages of said booklet are fed through said printer from a top to bottom with the 

booklet being output at a bottom of said printer. 

3. A system as claimed in claim 2 wherein said customization output printers 
include a hopper located in the bottom thereof and said booklet is gravity dropped into said hopper. 

4. A system as claimed in claim 1 wherein said customization output printer 
20 further includes a binding means for binding the pages of said booklet together. 

5. A system as claimed in claim 4 wherein said binding means comprises a fluid 
ejection device ejecting a glue onto a predetermined portion of substantially each page of said booklet. 

6. A system as claimed in claim 5 wherein said binding means further comprises 
compression means for compressing each page of said booklet together. 

25 7. A system as claimed in claim 1 wherein said user identification means 

comprises a fingerprint scanner. 

8. A system as claimed in claim 1 wherein said pagewidth printer comprises an 
elongated wall mounted unit. 

9. A system as claimed in any previous claim wherein said data collection units 
30 utilize multicasting facilities in downloading data to said customization output printers which select 

stories from said data collection units depending upon user interest. 

10. A system as claimed in claim 1 wherein said customization output printers 
utilize public key cryptography for access control with said data collection units. 

11. An information distribution system for distributing customized information on 
35 print media, said system comprising: 

a first series of data collection units for collecting customizable data; 

a network interconnecting said data collection units with a series of customization 
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outpui printers; 

a series of customization output printers comprising: 

a user identification means to identify a user of said customization output printer; 
a printer activation means to activate said customization output printer; 
5 a pagewidth printer element for printing customized booklets; 

booklet collation means for collating said booklet; 

a print roll unit for storing rolls of print media for utilization for printing by said 
pagewidth printer element; 

such that, upon activation of said user identification means and said printer activation 
10 means, said data collection units download a current customized booklet for said user and said printer 
element prints out on said print roll unit pages of said customized booklet which are formed into a 
booklet by said booklet collation means. 

12. An interactive information distribution system comprising: 

a series of interconnected data collection units for collecting information; 
* 5 an interconnected network; 

a series of printers for printing out information; 
a pen device including an image sensor for sensing an image area; 
wherein the image printed includes a series of visually distinctive areas containing 
identification information such that, upon placing the pen in the vercinity of a visually distinctive area, 
20 the pen is activated to sense and decode the identification information, the identification information is 

forwaded to said distribution computers which in turn creates a further customized page for forwarding to 
a printer unit for printing on demand of a user. 

13. A system as claimed in claim 12 wherein said identification information is 
stored in conjunction with a user identification for determining likely future news items of interest to said 

25 user. 

14. A system as claimed in claim 13 wherein said information includes advertising 
customized in accordance with a users selection of particular identifiers. 

15. A news distribution system comprising: 

a series of automated news collection units for collecting, collating and storing news 



30 stories; 



printers; 



35 



a distribution network for electronic distribution of news stories to a series of news 



a series of news printers interconnected to said news collection units via said 
distribution network for printing out a collection of news stories on demand on print media; 

said printing out including the printing out of a series of detectable location markers on 

said print media; 

a handheld scanner unit adapted to scan said detectable location markers to determine a 
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current scanning location on said prim media, said handheld scanner being interconnected to said 
distribution network for transmission of said current scanning locations to said automated news collection 
units; 

said automated news collection units utilizing said current scanning locations to 
5 determine customized future news stories to send to a user of said news printer. 

16. A system as claimed in claim 15 wherein said detectable location markers are 
substantially invisible to the human eye. 

17. A system as claimed in claim 15 or 16 wherein said detectable location 
markers comprise a regularly spaced grid in conjunction with a unique identifiable positional marker. 

10 18. A system as claimed in claim 15 wherein said news stories are page formatted 

by said automated news collection units and downloaded in a compressed form over said distribution 
network. 

19. A system as claimed in claim 15 wherein said news stories are composited 
together into a page by said news printers. 
15 20. A system as claimed in claim 15 wherein said output printers are double sided 

and included watermark data on images printed out, said watermark data being detected by means of 
interference between a front and back surface of the print media. 

21. A news distribution system comprising: 

a series of automated news collection units for collecting, collating and storing news 

20 stories; 

a distribution network for electronic distribution of news stories to a series of news 

printers; 

a series of news printers interconnected to said news collection units via said 
distribution network for printing out a collection of news stories on demand on print media; 
25 said printing out including the printing out of a series of detectable location markers on 

said print media; 

a handheld scanner unit adapted to scan said detectable location markers to determine a 
current scanning location on said print media, said handheld scanner being interconnected to said 
distribution network for transmission of said current scanning locations to said automated news collection 
30 units; 

said automated news collection units utilizing said current scanning locations to 
determine customized future news stories to send to a user of said news printer, 

22. A system as claimed in claim 2! wherein said handheld scanner unit 
comprises a pen shaped unit. 

35 23. A system as claimed in claim 22 further comprising: 

a charging unit for placing said pen shaped unit in to recharge said pen shaped unit. 
24. A system as claimed in claim 23 wherein said charging unit is cup shaped. 
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25. A system as claimed in claim wherein said charging unit includes a 
communications unit adapted to register pens placed in said charging unit with said printer. 

26. A system as claimed in claim 21 wherein said handheld scanner unit includes a 
series of accelerometers to determine a path taken by said handheld scanner unit. 

5 27. A system as claimed in claim 21 wherein said handheld scanner unit includes 

signature recognition means for recognizing a signature pattern executed by a user of said scanner unit. 

28. A system as claimed in claim 22 wherein said pen shaped unit includes an 
activation light which changes color in accordance with the operation being carried out by said pen 
shaped unit. 

* ^ 29. A network news distribution system substantially as hereinbefore described 

with reference to the attached appendices. 

30. A network news distribution system as claimed in any previous claim when 
utilizing an ink jet print head having a series of spaced apart thermal bend actuators for the ejection of 
ink. 
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Introduction 



Netpages are pages of high-quality text, graphics and images printed on ordinary paper, 
but which work ahnost hke an interactive Web pages. Information encoded on each page 
in invisible ink is picked up by an optically-imaging pen and transmitted to the network. 
Active "links" and "buttons'' on each page can be "pressed" with the pen to request infor- 
mation from the network or signal preferences to a server. Text written by hand on a 
Netpage is automatically recognized via the pen, allowing forms to be filled in. Signatures 
recorded on a Netpage are automatically verified, allowing e-commerce transactions to be 
securely authorized. 

The pen works in conjunction with a Netpage Printer, an Internet-wired printing appliance 
for the home or office. The pen is wireless and communicates with the Netpage Printer 
using an encrypted radio frequency signal. 

The Netpage Printer delivers, periodically or on demand, personalized newspapers, maga- 
zines, brochures and other publications, all printed at high quality on interactive Netpages. 
Unlike a personal computer, the Netpage Printer is an appliance typically wall-mounted in 
the kitchen or near the breakfast table, i.e. the place where the morning news is first con- 
sumed, and the household's point of departure for the day. It also comes in a low-power, 
wireless, portable model. 

Netpages printed at their point of consumption combine the ease-of-use of paper with the 
timeliness and interactivity of an interactive medium. 

Netpages are crucially enabled by Memjet printing technology, which makes high-speed 
magazine-quality printing affordable to consumers. A Netpage publication has the physi- 
cal characteristics of a traditional news magazine, i.e. a set of letter-size glossy pages 
printed in full color on both sides, bound together for easy navigation and comfortable 
handling. The Netpage Printer prints 60 to 90 full-color Netpages per minute. 

The Netpage Printer exploits the growing availability of broadband Internet access. Cable 
service is available to 95% of households in the United States [87], and cable modem ser- 
vice offering broadband Internet access is already available to 20% of these [8]. The 
Netpage Printer also operates with slower connections, but with longer delivery times and 
lower image quality. 

Netpage Publication Servers on the Internet deliver print-quality publications to Netpage 
Printers. Periodical publications are delivered automatically to subscribing Netpage Print- 
ers via pointcasting and multicasting Internet protocols. Personalized publications are fil- 
tered and formatted according to individual user profiles. 

A Netpage Printer supports any number of pens, and a pen can work with any number of 
Netpage Printers. Each pen has a unique identifier. By default, a Netpage Pen identifies a 
particular user mostly by convention. A household may have a collection of colored 
Netpage Pens, one assigned to each member of the family. This allows each user to main- 
tain a distinct profile with respect to a Netpage Publication Server. A Netpage Pen can 
also be registered with an Identity Server and linked to one or more payment card 
accounts. This allows e-commerce payments to be securely authorized using the Netpage 
Pen. The Identity Server compares the signature captured by the Netpage Pen with a previ- 
ously registered signature, allowing it to authenticate the user's identity to the e-commerce 
system. Other biometrics can also be used to verify identity. A version of the Netpage Pen 
includes fingerprint scanning, verified in a similar way by the Identity Server. 
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Although a Netpage Printer delivers periodicals such as the morning newspaper without 
user intervention, it never delivers unsolicited junk mail. It only delivers periodicals from 
subscribed or otherwise authorized sources. The Netpage Printer is unlike a fax machine 
or e-mail account which is visible to any junk mailer who knows the telephone number or 
email address. 



There are a number of advantages to publishing to Netpage Printers. The magazine quality 
of Netpage Printer output makes it a more attractive publishing and advertising medium 
than both traditional newsprint and computer screens. 

The cost of paper and ink consumption is transferred to the user. Subscription fees can be 
eliminated entirely in lieu of the user taking on this extra cost, and the user thus perceives 
a better-value product. The erratic price of newsprint is removed from publishers' profit 
equations, resulting in more stable margins. A new market for paper and ink consumables, 
with its own margins, is created. 

The cost of consumables can be selectively subsidized, for example when non-editorial 
publications such as product brochures and account statements are printed. 

Capital and maintenance expenditure on printing plant is effectively transferred to the 
user, although the perceived expense is small because Netpage Printers are sold at close to 
cost or given away to encourage adoption, subsidized by future advertising profits. Main- 
tenance can also be subsidized or its cost included in a longer term service agreement. 

Costly physical distribution is replaced by electronic distribution via a preexisting and 
widely subscribed network 7 the Internet. 

Both the editorial and advertising content of publications delivered via the Netpage Net- 
work can be customized for each user. Editorial content can be personalized according to 
the user's profile. Advertising can be localized to the user's locality and optionally tar- 
geted to the user's demographic. 

A personalized publication can be a small fraction of the size of its traditionally-delivered 
counterparty yet contain the same amount of information relevant to the user, and in a more 
accessible form. The user appreciates the more efficient and digestible publication. 

Localized advertising can be targeted to more specific localities and their associated 
demographics, and this allows advertising space to be exploited more efficiently, i.e. with 
less waste. Advertisers are constantly pressing traditional publishers for greater localiza- 
tion, something which they have great difficulty delivering cost-effectively. 

By revealing personal infonnation such as age, gender, marital status, income, profession, 
education, etc., the user can allow the advertising to be more carefully targeted. In return 
they can receive greater subsidies and discounted product offers. As advertising becomes 
more targeted, it becomes less of a nuisance and nfiore of a service in itself 

Although the publication's per-page circulation figures fall drastically, the publication's 
actual per-section readership is preserved, and the correspondingly higher advertising 
rates for personalized delivery can exactly compensate for this. 
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Advertising delivered via the Netpage Network has the dual benefits of print and online 
delivery. Print supports the impact of large-fonnat ads. Online delivery supports customi- 
zation, linking, and measurability, and consequently online charging models. 

Consider a full-page advertisement for a new car model in a news magazine delivered via 
the Netpage Network. The advertising campaign can be national or even international. 
The ad only appears if compatible with the user's demographic, either implied by their 
ZIP code or more explicitly by their personal details. Anyone who requests a product bro- 
chure via the on-ad button receives one immediately via their Netpage Printer, customized 
with a list of local dealers. If they press a particular dealer's "contact me" button in the 
brochure, the dealer receives a message via the system and contacts the user by telephone. 

The publisher profits in the nonnal way by selling the advertising space, but can also 
profit by receiving a fee on the "click-through" to the brochure, and a commission on any 
product sale which eventuates. 

The Netpage Network promises to be the most effective advertising medium ever con- 
ceived, [t combines the editorial and print quality of traditional publications with arbi- 
trarily fmely targeted advertising, and provides a direct link between advertising, product 
information, and purchasing. Added revenue from click-through fees and e-commerce 
commissions may even allow users' costs - printer, ink, paper, and Internet access - to be 
fully subsidized. 
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2 The Demise of Paper 

Online publication has many advantages over traditional paper-based publication. From 
the consumer's point of view, infonnation is available on demand, information can be nav- 
igated via hypertext links, infonnation can be searched, and infonnation can be automati- 
cally personalized. 

From the publisher's point of view, the costs of printing and physical distribution are elim- 
inated, and the publication becomes more attractive to the advertisers who pay for it 
because it can be targeted to specific demographics and linked to product sites. 

Online publication also has a few disadvantages. Computer screens are inferior to paper. 
At the same quality as a magazine page, an SVGA computer screen displays only about a 
fifth as much infonnation*. Both CRTs and LCDs have brightness and contrast problems, 
particularly when ambient light is strong. Ink on paper, being reflective rather than emis- 
sive, is both bright and sharp in ambient light. 

Faced with reading more than the most trivial amounts of text on a screen, most people 
prefer to print it before reading it. Increasingly, online publishers are recognizing this and 
providing information in formats suitable for printing. At one extreme this means provid- 
ing text-only versions of documents so they print efficiently, i.e. without imposing a 
screen format on the printed page; at the other extreme it means providing formatted ver- 
sions of documents - e.g. in Adobe's Portable Document Format (PDF) - so they print at 
high quality. 

Editorial content is often compromised to fit the online medium and the habits of the peo- 
ple who frequent it, who tend to browse rather than read. Although powerful new advertis- 
ing models become possible, it becomes more difficult to deliver effective advertisements. 

To truly enable online publication, many people envisage a universal infonnation appli- 
ance - a lightweight portable "tablet" with a page-size touch-sensitive color display and a 
high-bandwidth wireless connection to the Internet. First proposed by Xerox PARC's Alan 
Kay in the mid 1970s in the fonn of the ''Dynabook", and partially realized in recent 
paperback^sized electronic books, even Bill Gates is now confidently predicting that such 
a device will soon augur the death of paper publications [28]. 

To achieve low power consumption, low weight, and paper-like display quality, a bistable 
reflective display technology is required. Several candidates are now emerging from the 
labs, including Kent Display's cholesteric LCD technology (chLCD) [47], Xerox' "Gyri- 
con" rotating ball technology [36], and E Ink's electrophoretic technology [24,67]. 
ChLCD is arguably closest to practical deployment [23]. 

Next-generation cellular phone networks promise 2Mbps packet switching [25], compara- 
ble to the broadband access people are getting used to in cable networks [63). Satellite net- 
works, while offering or promising still higher speeds [39,72,93], require receivers 
difficult to deploy in. mobile devices. 

Beyond the vision of the basic tablet, E Ink imagines its digital ink "printed" onto a num- 
ber of flexible pages bound into a book, preserving the physical navigability of a 
paper-based publication, and approaching its low cost, but allowing the pages to be rcwril- 



I . Assuming a magazine page has an equivalent digUal resolution 01*200 continuous-lone pi.xcis per inch. 
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ten electronically in place. They optimistically predict newspapers delivered in this way 
within five years [17], despite fundamental problems yet to be overcome [23]. 

The advantages of a tablet are many. Unlike a desktop or notebook computer, a tablet may 
actually provide a pleasant reading experience. Unlike a paper publication, a tablet pro- 
vides intelligent access to an unlimited amount of information; its weight is not dictated 
by the amount of information it carries. More than just an information appliance, it can 
also act as a multi-purpose multimedia communications device and interactive entertain- 
ment device, 

A tablet has disadvantages too. It uses batteries which run down and have to be recharged. 
It may break when dropped or malfunction when exposed to hot coffee. It's not quite 
cheap enough to be disposable - so there's still a problem if it's misplaced or stolen. It has 
a *'user interface" which has to be learned. The leading candidate display technology - 
chLCD - is still less than half as reflective (i.e. "bright") as paper 

The drawbacks of traditional paper-based publications have little to do with paper itself, 
and much to do with how the information gets onto the printed page. The economics of 
centralized printing and distribution prevent the kind of information selection, personal- 
ization and navigation people have come to expect from interactive electronic media such 
as the Internet. The inefficiency of printing and distributing a hundred-page newspaper to 
a customer who may read only a few pages is widely decried. 

Given a technology such as Memjet, it becomes economic to print high-quality publica- 
tions at their point of consumption rather than at their point of production. The Netpage 
Printer leverages Memjet to deliver personalized publications to the home, gaining many 
of the advantages of online publication, while retaining the ease-of-use of high-quality 
printed ink on paper. 

Netpages and the Netpage Printer address the key problems of online publication, without 
relying on the development and consumer acceptance of a new reading device. 
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3 News and Advertising Trends 

3.1 Newspapers 

People obtain news from a variety of sources - network and cable television, radio, daily 
newspapers, and weekly newsmagazines. In the United States, although the various news 
media are healthy and profitable, per capita news consumption is somewhat in decline as a 
new generation of young adults have less time to read and favor television entertainment 
over news [18]. Yet six out of ten adult Americans read a newspaper every day [77]. 

The United States has about 1500 daily newspapers with a total circulation of 57 million. 
Just the top ten "national" dailies (Wall Street Journal, USA Today, New York Times, Los 
Angeles Times, Washington Post, etc.) account for a circulation of 10 million. The major 
weekly newsmagazines (Time, Newsweek, U.S. News) have a similar (weekly) circula- 
tion of about 10 million. 

In 1997, newspaper companies' revenue exceeded $24 billion, a five-year high, and mar- 
gins nudged 20% [52], due both to increased spending on advertising and to reduced 
prices of newsprint. 

Television and radio, by their nature, excel at delivering breaking news. Newspapers and 
newsmagazines, on the other hand, deliver the depth and analysis behind the headlines. 
Broadcast news in isolation does a poor job of informing the public. The more local the 
news is, the poorer the broadcast coverage, and the greater the public's dependence on 
newspapers. 

Newspaper content and packaging has evolved considerably since the 1970s, News is 
somewhat softer, news stories are shorter and more well-written, there are more feature 
articles, and there is more editorial and reader opinion. Newspapers are more structured. 
Identifiable sections make them more accessible, and provide greater focus for advertis- 
ers. Much special-interest content has migrated from daily inclusion to weekly sections. 
These cover topics such as lifestyle, personal finance, entertainment, technology, etc. The 
proportion of graphics and pictures is greater. Color is widely used. Newspapers are easier 
to use and more entertaining than ever before, if at the expense of some "hard" news. 

Daily newspapers are growing increasingly dependent on the various wire services, A 
newspaper may excel at local and regional news, but rely on the major wires (Associated 
Press and United Press International) for national and international news, the so-called 
"supplemental" wires (LA Times/ Washington Post, NY Times, Scripps-Howard, 
Knight-Ridder Tribune, etc.) for specific strengths (and value-for-money), and the interna- 
tional wires (Reuters etc.) for international perspective. A growing number of newspapers 
operate more as news aggregators than news gatherers. 

Advertising typically contributes more than 75% of newspaper and magazine revenue, 
while subscriptions contribute less than 25% [3 1 ,73,74]. National advertising makes up 
roughly 14% of advertising spending, retail advertising 46%, and classified advertising 
40% [74]. 

Advertisers are pursuing increasingly specific targeting, favoring quality newspaper read- 
ership over raw circulation [27], and using more targeted media where possible. Maga- 
zines, for example, have more specific readerships than newspapers, free ''shoppers" are 
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very localized by their nature, while direct mailers can target demographics based on indi- 
vidually-categorized ZIP codes, or databases of individuals. 

Newspapers have responded with geographically zoned editions to support local advertis- 
ing, and greater sectioning of their product. They have also expanded their page counts to 
provide more advertising scope, despite erratic newsprint prices in the 1990s [3]. 

Despite this, there is ongoing conflict between newspapers' mass distribution model, and 
advertisers' need for micro-targeting [30]. This conflict, coupled with advertisers' desire 
for higher-quality printing of color images, is motivating a shift from run-of-press (ROP) 
advertising to inserts [74]. 

3.2 Online News Delivery 

Fearing the online migration of advertising, traditional news publishers froin both broad- 
cast and print have ventured into Internet-based news delivery, wanting to establish a pres- 
ence at whatever cost before newcomers become entrenched. Most newspapers are still 
reporting losses from their online operations [74]. 

Online news delivery offers a number of advantages. Breaking news can be delivered as 
soon as it happens. News can be customized for individual readers according to their pref- 
erences and geographic locations. Readers can explore stories to arbitrary depth, follow 
links to related resources, and search archival material. Readers can participate in discus- 
sion groups and contribute to opinion polls. The news itself can incorporate audio and 
video clips, and can include live transtnissions, converging with broadcast. 

Online news delivery also has disadvantages. Computer screens are of limited size and 
quality compared with print. Few people enjoy reading a story of any length on a com- 
puter screen. Computers are not portable in the wide sense that a newspaper is. The news 
may be more timely, but the tiine and place in which it can be consumed are more con- 
strained than with a newspaper. 

Despite the power of hypertext, many online readers express a preference for a linear pre- 
sentation, ''where they [can] skim one section after another until the presentation [is], 
exhausted" [10]. Interestingly, a majority of traditional newspaper readers admit they scan 
every page in the main section of the newspaper [77], looking for items of interest without 
necessarily knowing what they're looking for, and achieving some kind of closure at the 
end. Online hypertext, by contrast, is both a limitless resource and a bottomless pit. 

While traditional news publishers such as The New York Times can deploy full editorial 
content online [94], newcomers such as Yahoo typically only provide "raw" news items 
sourced from the wire services [70]. 

A recent survey indicates that 21% of the 74 million Internet users in the United States 
regularly read news online as an alternative to traditional print and broadcast sources, and 
16% obtain a major proportion of their news online [78]. More broadly, between 37% and 
64% of the Internet population reads news online at least once a week. The fluctuations in 
the figures are related to what may be happening in the news. Major or breaking news sto- 
nes attract more users - 46% of Americans say they only follow national news stories 
when '\something major is happening" [26]. 

With 41% of Americans online, the Internet population has become mainstream, and the 
weather has become the most popular news online. This is closely followed by technology 
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news, entertainment news, and local news. As one observer puts it. alt of this ''sound[s] 
like the 6 o'clock news" [78]. As a reflection of these habits, the online audience share of 
national newspapers has diminished from 23% in 1995 to 16% in 1998, while the online 
audience share of broadcast TV sites has grown. 



At its simplest, advertising alerts a motivated customer to the availability of a product, 
possibly at a competitive price. At a more sophisticated level, advertising seeks to influ- 
ence fijture purchasing decisions by creating brand awareness. Ultimately, advertising 
seeks to create desire for a product even when actual need is absent. 

Advertising prices are traditionally based on how many people see the advertisement, and 
their spending power in relation to the product. In practice, the more homogeneous the 
demographics of the audience, the easier it is to match to a product, and hence the higher 
the corresponding advertising cost per thousand (CPM). Broadcast media use ratings and 
timeslot demographics to set advertising rates. Print media use audited circulation figures 
and sectional readership demographics. 

The simplest online advertising model is also based on how many people see the ad. 
Online this has the advantage of being based on solid numbers, since the number of 
"impressions" of a particular Web page can be counted exactly. 

The specific advantage of an online ad, however, is that the ad itself can measurably cap- 
ture a sales lead by acting as a link to a product site. The product site may simply provide 
more product information in the form of specifications, pricing, and ordering details. It 
may also support immediate online ordering, thus completing the link from ad to sale. 
Beyond providing simple ad exposure, it is this measurable linking of advertisement to 
sales lead or sale which is the strength of online advertising [84]. Cost per click (CLC) 
charging is gaining acceptance but is still controversial. 

Beyond CLC, there exists the possibility of paying a commission to the ad host on any sale 
that actually eventuates [88]. Amazon.com is probably the best-known example of a com- 
pany paying commissions to other sites in this way. 

The broader advantage of online advertising is that advertising can be localized and tar- 
geted arbitrarily finely, in conjunction with the publication of online content such as news. 
This is the strategy pursued by online advertising agencies such as Click-Through [15], 
which acts as the middle-man between advertisers and online content publishers. They 
expect online advertising to represent more than 10 percent of all advertising revenue by 



Since online ads are necessarily small-formal, they communicate best with motivated cus- 
tomers already on the look-out for a particular product or service. Online ads are less 
suited to building brand awareness or creating buying desires, since the real substance of 
the adveitisement - the product Web site - is a click away from the initial small -format ad. 
A small-format online ad can't provide the single-hit emotional impact of a large-format 
print ad, and conyersely, the online world can't support the large-format ads that print can. 

So-called interstitial ads. which appear full-screen when traversing from one page of 
information to the next, go some way to providing a medium for larger- format ads online 
[88]. User resistance, however, seems to be preventing their widespread use. 
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3,4 



Online Classified Advertising 



Classified advertising is indisputably suited to online delivery. Unlike their traditional 
printed counterparts, online classifieds can be easily searched, and are not subject to space 
constraints. The online migration of classified advertising is considered a serious threat to 
newspapers' classified advertising profits [90], and some newspapers are building an 
online presence for this reason alone. Some observers predict as much as 50% of classified 
advertising reyenue moving online within the next ten years [106]. 

Another problem faced by newspapers, who rely on classifieds for up to 40% of advertis- 
ing spending, is that many newcomers are offering free online classified advertising as a 
way of building a venue for non-classified advertising. 
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4 News Personalization 

From the reader's point of view, a personalized news publication can provide more infor- 
mation in fewer pages. The actual form this personalization takes, however is not neces- 
sarily obvious. 

The MIT Media Lab's News in the Future (NiF) project has been championing the concept 
of "The Daily Me" for almost two decades [65]. Nicholas Negroponte, one of the project's 
founders, envisages a highly personalized news publication which is no longer driven by 
"what other people think is news" [71]. By way of examples close to his own needs, it 
includes news about people and places about to be encountered, and puts "the most impor- 
tant [news] of all" - a summary of e-mail - on the front page [6]. Negroponte recognizes 
the need to vary the degree of personalization, advocating a higher "serendipity factor" on 
a lazy Sunday than on a working weekday. 

The opposing view holds that the value of a news publication lies precisely in its shared 
nature. It reflects the common concerns and values of a community of readers, and estab- 
lishes a baseline of expectations of what they are all supposed to know [97]. As a conse- 
quence, the publication also speaks with a consistent editorial voice and with consistent 
assumptions about the reader's level of background knowledge. Such a shared publication 
allows its readers to orient themselves in relation to their community, 

NiF's Walter Bender answers the charge (in his own words) of "The Daily Me engender- 
ing a fragmented world populated by self-interested myopes", by stressing the possibilities 
of personalizing individual news items [4]. This can consist in varying the depth of an 
item, or supplementing it with background information, based on the reader's level of 
knowledge. It can involve interpreting information relative to the reader's background, 
such as (somewhat dubiously) making value judgements about the weather relative to the 
reader's normal home town weather. It can also be as simple as using metric rather than 
imperial units. 

FishWrap [10,66], MIT's personalized campus newspaper and NiF's latest offering, goes 
further by creating a front page whose content represents an explicit community consen- 
sus. Each front page news item is prioritized according to the number of readers who put it 
forward for inclusion. The rest of the newspaper is still personalized according to each 
reader's profile, consisting of reader-defmed sections containing topics of interest. 

There are two implications of recognizing the shared nature of news. Firstly, some news is 
news to everybody in a cominunity, no matter how personalized they claim they would 
like their news to be. This implies that the community must make decisions about news 
item priority, either directly (as in FishWrap) or indirectly via a proxy (i.e. an editor). 

Secondly, a news item can only be properly understood in the context of the community 
for which it is intended. This implies that a news item must be branded with its source 
(assuming that the source implies the intended target). As an example, it is significant 
whether a news item regarding the proof of Femiat's last theorem is branded with New 
Scientist or The New York Times. To a professional mathematician, the latter implies, by 
its very existence, that the proof is of significance beyond the scientific community. 

Of course, a news item must also be branded to allow its source to build and maintain its 
brand. The brand then allows the reader to infer the quality of the news item from the 
known quality of the source. 



ConfirJeiitia! 



23 May 1999 



11 



Silverbrook Research 



Netpage System Design Description 



preliminary vO. 1 



Most personalization of news uses feature-based filtering. This means that news item con- 
tent is matched to topics and keywords in the reader's profile. News sources tag the items 
they produce with various information to allow them to be effectively filtered. This tag- 
ging may be brief or extensive, and may include such things as news item urgency, byline, 
news category, subject(s), keyword(s), date and time, and location [43]. The body text of a 
news item can also be scanned directly for keywords, but this may result in false matches 
if keywords are interpreted out of context. Items in the text such as personal names and 
locations can be tagged to reduce such ambiguity [43]. Similarly, dates, times, and mone- 
tary amounts can be tagged to allow localized presentation. 

Feature-based filtering suffers from a number of problems. Filtering based on tags is only 
as good as the original tagging. The latest tagging standards are only just beginning to be 
adopted [7]. Filtering based on the text itself is constrained by the intelligence of the text 
parsing. If based simply on keyword matching, it can be both inaccurate, generating false 
matches because of word sense ambiguity, and imprecise, generating false mismatches 
because of a lack of inference. 

Feature-based filtering is incapable of discerning more abstract attributes such as quality, 
style, and point-of-view (unless they're indicated by tags). And since it only matches 
items anticipated by the user's profile, it is a poor generator of serendipitous finds. 

Fish Wrap's front page comes into existence based on a crude form of collaborative filter- 
ing. In its broader form, collaborative filtering involves sharing recommendations (or rat- 
ings) among like-minded people [86]. This means that one person's ratings influence 
another person if and only if the two share similar interests, i.e. they have similar rating 
histories. Collaborative filtering overcomes many of the problems of feature-based filter- 
ing, since ratings originate with people who have digested the items in question, rather 
than from automated analysis of the items. Collaborative filtering sidesteps the issue of 
explaining why a person might like a particular item. 

Collaborative filtering has problems of its own. The system only works if people are will- 
ing to contribute ratings. In contributing ratings, of course, they are both doing the com- 
munity a service and tuning their own interest profiles. The statistical error in correlating 
people's interests decreases as the number of ratings increases. However, incentives may 
have to be offered to encourage people to contribute ratings. 

To bootstrap the accumulation of ratings for new items, an independent mechanism must 
exist to distribute them to a critical mass of people. Conversely, to bootstrap the accumula- 
tion of interest profiles for new users, an independent mechanism must exist to distribute a 
critical mass of items to them. 

To allow meaningful accumulation of ratings, a sufficient period of time must be allowed 
to elapse. This may conflict with the timely delivery of items in question. 

The statistical correlation between different people's interests, represented by their rating 
histories, is most meaningful when the ratings apply to homogeneous items. For a set of 
heterogeneous items, collaborative filtering is best applied to homogeneous subsets. 

In a news setting, collaborative filtering is best applied to feature articles. Features have 
the longer life span required to support the accumulation of ratings, and are often appreci- 
ated for abstract qualities best singled out by collaborative filtering (good writing, humor, 
incisiveness, etc.). 
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Naturally, the larger a publication's readership, and the belter its taste in relation to a 
potential reader, the stronger the publication's brand will appear to that reader 

Although it*s easy to become preoccupied with automatic filtering, in reality there's more 
to editing the news than just filtering news feeds. An editor also solicits news, commis- 
sions analysis, and offers opinion, ideally ensuring that the publication offers a balanced 
and complete view of the world. 

Perhaps the most important personalization step a reader takes is in selecting a particular 
publication from a set of available publications, based on its perceived quality and rele- 
vance. 

Thus the publication's brand equates to the highest-level and most useful filter of all. 
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5 Netpage System Architecture 

5.1 The Internet 

The Internet is a worldwide collection of interconnected networks which communicate 
using the TCP/IP protocol suite [89]. A TCP/IP-based internetwork not connected to (he 
Internet is often referred to as an internet (i.e. with a lower-case 'i'). When an internet is 
deployed within an organization, it is often termed an intranet. 

Access to the Internet is widespread in developed countries. In the United States, for 
example, 41% of the population has access to the Internet [78]. 

While most consumers still access the Internet via low-speed dial-up modems connected 
to the switched telephone system, inexpensive broadband access is becoming available to 
a growing number of households via the cable networks. Cable service is available to 95% 
of American households [87], and cable modem service is available to a 20% subset [8]. 
While dial-up modems offer speeds of up to 56Kbps, cable modems offer practical speeds 
of up to about 3 Mbps', i.e. over 50 times faster. 

DSL (Digital Subscriber Line) [11,12], while offering similar speeds to cable modems but 
via the telephone system, is not yet widely used, ISDN (Integrated Services Digital Net- 
work), although widely used for corporate access, has had little consumer impact due to its 
high price and comparatively low performance. 

The deployment of third-generation (3G) cellular telephony within the next few years will 
bring practical mobile broadband speeds of 2Mbps [25], 3G cellular uses WCDMA (wide- 
band code-division multiple access), a spread-spectrum technology. Satellite systems are 
arguably closer to offering even faster broadband Internet access [39,72,93]. 

The core of the Internet is made up of a number of independent high-speed fiber-optic net- 
works connected into NAPs (Network Access Points) or peered directly. These have until 
recently used single-wavelength TDM (Time-Division Multiplexing) SONET (Synchro- 
nous Optical Network) transmission systems which utilize about 1% of an optic fiber's 
capacity to yield a 2.5Gbps OC-48 channel^. Carriers are now beginning to deploy 
multi-wavelength DWDM (Dense Wavelength-Division Multiplexing) systems which 
yield up to 40 such channels per optic fiber, thus increasing network capacity significantly 
without requiring the laying of more fiber [9,53]. Internet architects are therefore now 
contemplating aggregate capacity in the terabit (Tbps) range. 

The Internet uses the four-layer TCP/IP protocol suite. The application layer provides var- 
ious end-to-end application services, and is a client of the transport layer which provides 
end-to-end delivery services. The transport layer in turn is a client of the network layer 
which provides packet routing. The network layer is a client of the link layer which encap- 
sulates specifics of the protocols and hardware of the actual communications links. 

The core Internet transport protocol, TCP (Transmission Control Protocol), provides a 
reliable end-to-end delivery service. The core Internet network protocol, IP (Internet Pro- 
tocol), provides an unreliable and connectionless packet routing service. IP may lose or 



I- Although the cable supports 30Mbps and the cable modem ihcoretically supports 1 0Mbps. 

2. SONETchannels have ah OC-n designation, where OC stands for Optical Carrier, and n gives the channel speed in 
uniis ofabout 52Mbps. An OC-48 channel therefore has a speed of about 2.5Gbps. 
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deliberately discard packets, and may deliver packets out of order, and it is the responsibil- 
ity of a higher layer to provide a reliable end-to-end service. 

With the proliferation of streaming media services on the Internet, support for multicast is 
spreading rapidly. Multicast is a form of broadcast with a specific set of recipients. It 
makes efficient use of network capacity because a packet traverses a network link once 
rather than once per recipient. It is particularly efficient if the recipients are connected to 
the Internet via an intrinsically broadcast medium such as cable or satellite. The @Home 
cable network has successfully enabled multicasting of streaming media services [50]. 

IP Multicast is an extension of IP, and so is unreliable. While this is often acceptable for 
time-critical data such as streaming video, it may not be acceptable for other shared data 
types. Significant effort is being expended to develop reliable multicast transport proto- 
cols on top of IP Multicast. Although several reliable multicast protocols are available and 
have been deployed [56,57,40,41], the Internet standardization process is incomplete [42], 

5-2 Netpages and Netpage Documents 

Netpages are the foundation on which a Netpage Network is built. They provide a 
paper-based user interface to published information and interactive services. 



Netpage Network 
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page image 




tag grid 





Figure 1. Netpage Document structure 

Each Netpage consists of a compact page layout maintained persistently by a Netpage 
Page Server. The page layout refers to objects such as images, fonts and pieces of text, 
typically stored elsewhere on the Netpage Network. 



Netpages are organized into Netpage Documents. Both Netpages and Netpage Documents 
are assigned globally unique identifiers. 
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Each Nelpage Document has a set of document instances, each of which describes a 
printed instance of the document. Each Netpage in the Netpage Document has a corre- 
sponding set of page instances, each of which describes a printed instance of the page. 
Both page instances and document instances are assigned globally unique identifiers. 
They are also uniquely associated with the printer on which they are printed, and the pen 
which initiated the print request, if known. 

Each page instance maintains a set of user-supplied values for fields in the page layout. 
This ensures that user input is captured and stored independently for each page instance. 
The separation of page instances and Netpages is crucial for pages which contain input 
fields, i.e. forms. It is not crucial for pages devoid of input fields, but still useful because it 
supports independent auditing of each page instance. 

The physical page image includes encoded information which identifies the page instance 
and hence the Netpage to which it corresponds. It also includes encoded information 
which superimposes an addressable spatial grid over the page image, to allow pen actions 
performed relative to the page image to be correlated with the contents of the page layout. 

The encoded information is normally printed in infrared-absoqjtive ink on any normal 
paper substrate which is infrared-refiective. Near-inft-ared wavelengths are invisible to the 
human eye but are easily sensed by a solid-state image sensor with an appropriate filter. 

The encoded information is picked up by an infrared- imaging pen and transmitted to the 
associated Netpage Printer. The pen is wireless and communicates with the Netpage 
Printer using an encrypted radio frequency signal. 

The encoded information is organized as a set of tags, each containing both the id of the 
page instance and the position of the tag. The tags tile the entire page image, and are suffi- 
ciently small and densely arranged that the pen can reliably image at least one tag even on 
a single click on the page. It is important that the pen recognize the page instance id and 
position on every interaction with the page, since the interaction is stateless. 

The tags are error-correctably encoded to make them resilient to errors introduced by dirt 
on the page or during the imaging process. 

Memjet-based Netpage Printers are designed to print a tag grid using. infrared. (IR) ink. 
Printers not enabled for IR printing have the option to print tags using IR-absorptive black 
ink, although this restricts tags to otherwise empty areas of the page. Although such pages 
have more limited ftinctionality than IR-printed pages, they are still classed as Netpages. 



A Netpage Network consists of a distributed set of Netpage Publication Servers, Netpage 
Page Servers, and Netpage Printers connected via an internet. In technological terms this 
document describes any Netpage Network. In business terms it usually refers to (he 
Netpage Network: connected via ihe Internet. 

As indicated above, a Netpage Page Server maintains persistent infonnation about 
Netpage Documents, Netpages, and their printed instances, to allow pen operations on 
printed pages to be interpreted intelligently. 

The Netpage Network includes any number of Netpage Page Servers, each handling a sub- 
set of Netpages. As indicated above, each page instance is identified by a globally unique 
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id which is encoded in the tag grid of the corresponding printed page. The Netpage Printer 
uses this id to retrieve the page layout of the page from a Netpage Page Server when it 
needs to interpret pen operations relative to the page. 

The Netpage Printer uses the internet Distributed Name System (DNS) to resolve a 
Netpage instance id into a page instance maintained by a particular Netpage Page Server, 

The DNS is a protocol and a hierarchical system of name servers used to resolve internet 
domain names into resources. Planned enhancements to the DNS allow it to be used to 
resolve more general Uniform Resource Identifiers (URIs), and in particular Uniform 
Resource Names (URNs), into resource locations [22], Netpage instance ids are fonnu- 
lated as URNs, allowing the enhanced DNS to be used to resolve them. In the absence of 
timely standardization and deployment of an enhanced DNS on the Internet, the Netpage 
Network can deploy its own system of enhanced name servers. 

A Netpage Publication Server is an internet server which publishes Netpage Documents to 
Netpage Printers. It is described in later sections, 

.4 The Netpage Printer 

The Netpage Printer is the appliance which prints Netpage Documents. It is connected to a 
Netpage Network via an internet, ideally via a broadband connection. 

Apart fi-om identity and security settings in non-volatile memory, the Netpage Printer con- 
tains no persistent storage. As far as a user is concerned, the network is the computer [91]. 
Netpages function interactively across space and time with the help of the distributed 
Netpage Page Servers, independently of particular Netpage Printers. 

The Netpage Printer receives Netpage Documents from Netpage Publication Servers. 
Each document is distributed in two parts: the page layouts, and the actual text and image 
objects which populate the pages. Because of personalization, page layouts are typically 
specific to a particular subscriber and so are pointcast to the subscriber's printer. Text and 
image objects, on the other hand, are typically shared with other subscribers, and so are 
multicast to all subscribers' printers. 

The Netpage Publication Server optimizes the segmentation of document content into 
pointcasts and multicasts. After receiving the pointcast of a document's page layouts, the 
printer knows which multicasts, if any, to listen to. 

Once the printer has received the entire document's page descriptions, i.e. page layouts 
and objects, it can print the document. 

The printer rasterizes and prints odd and even pages simultaneously on both sides of the 
sheet. It therefore contains duplexed print engines and imaging units. 

The printing process consists of two decoupled stages: rasterization of page descriptions, 
and expansion and printing of page images. The raster image processor (RIP) consists of 
one or more standard DSPs running in parallel. The duplexed print engines consist of cus- 
tom processors which expand, dither and print page images in real time, synchronized 
with the operation of the printheads in the imaging units. 
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There are four major design variations embodied in the various Netpage Printer models: 

• form factor, portable, wall-mount or tabletop 

• printheaci width: Wi" (portrait Letter) or 11" (landscape Letter) 

• paper source: cut sheet or paper roll 

• Internet connection: wired or wireless 

This form factor variations yield three basic models, each with variants determined by 
printhead width (and hence printing speed), and paper source. Six planned models are 
defined in Table 1, and illustrated in Figure 2. 



Table 1. Netpage Printer models 
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Figure 2. Netpage Printer family 
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The Wallprinter and Tableprinler models can be factory-configured with various network 
modules, allowing both wired and wireless versions. The Travelprinter uses a cellular tele- 
phone module, with the promise of broadband speed within a few years. 

The Wallprinter models are ideal for unobtrusive installation in a home, while the Table- 
printer models might be preferred in an office environment. Note that the Tableprinter 
models are Wallprinter models factory-adapted for tabletop use via a stand. 

The paper roll cartridge contains both paper and ink. The paper is in the form of a contin- 
uous roll, cut on demand by the printer. The 1 1" paper cartridge has a capacity of 1000 
Letter sheets. It also contains the glue supply for binding the sheets of a document 
together. The S'A" paper cartridge has a capacity of 50 Letter sheets, or equivaiently 100 
A5 sheets. It doesn't contain a glue supply because the Travelprinter doesn't include a 
binding mechanism. 

The 8/2" printhead models print at 60 pages per minute (i.e. 30 sheets per minute). The 
1 1 " printhead models print at 90 pages per minute (i.e. 45 sheets per minute). 



The Netpage Pen operates both as a normal marking ink pen and as a non-marking stylus. 
When either nib is in contact with a Netpage, the pen continuously monitors its move- 
ments relative to the page. The nib is attached to a pressure sensor. The pen pressure can 
be interpreted relative to a threshold to indicate whether the pen is "up" or "down". It can 
also be interpreted as a continuous value, for example when the pen is capturing a signa- 
ture, to allow the full dynamics of the signature to be verified. 

The pen determines the position of its nib on the Netpage by imaging, in the infrared spec- 
trum, an area of the page in the vicinity of the nib. It decodes the nearest page id and posi- 
tion tag, and adjusts the position given by the tag to account for the distance between the 
area imaged and the actual nib, and the position of the tag in the imaged area. Although 
the position resolution of the tag may be low, because the tag density on the page is 
inversely proportional to the tag size, the adjusted position resolution is quite high, and 
easily exceeds the minimum 200 dpi resolution required for handwriting recognition [92]. 

Pen actions relative to a Netpage consist of a series of strokes. A stroke consists of a 
sequence of time-stamped pen positions on the page, initiated by a pen-down event and 
completed by the subsequent pen-up event. A stroke is also tagged with the page id of the 
Netpage whenever the page id changes, i.e. just at the start of the stroke under nonnal cir- 
cumstances. 

The position tags on the Netpage contain various control bits. One of these instructs the 
pen to activate its "active area" LED. Thus a region on the page which corresponds to the 
active area of a button or hyperlink can be encoded to activate this LED, giving the user 
visual feedback that the button or hyperlink is active when the pen passes over it. Another 
control bit instructs the pen to capture continuous pen pressure readings and tag the stroke 
with these readings. Thus a region on the page which corresponds to a signature input area 
can be encoded to capture continuous pen pressure. 

Whenever the pen is within range of a printer with which it can communicate, the pen 
slowly flashes its "online" LED. When the pen fails to decode a stroke relative to the page, 
it momentarily activates its "error" LED. When the pen succeeds in decoding a stroke rel- 
ative to the page, it momentarily activates its "ok" LED. 
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The pen also contains a pair of passive accelerometers mounted at right angles to each 
other in the plane normal to the pen's axis. The accelerometers respond to gravity and 
allow the pen to compute its lilt. This in turn helps it auto-focus its optics and compute the 
nib-to-tag displacement. If the stroke is being tagged with pen pressure readings, then it is 
also tagged with tilt readings. 

A sequence of captured strokes, whether tagged with pen pressure and tilt or not, is 
referred to as digital ink. Digital ink forms the basis for the digital exchange of drawings 
and handwriting, for on-line recognition of handwriting [92], and for on-line verification 
of signatures. 

The pen is wireless and transmits digital ink to the Netpage Printer using a radio frequency 
signal. The digital ink data is encrypted for security and packetized for efficient transmis- 
sion, but is always flushed on a pen-up event to ensure timely handling in the printer. 

When the pen is out-of-range of a printer it buffers digital ink in internal memory, which 
has a capacity of more than 12 minutes of continuous handwriting. When the pen is once 
again within range of a printer, it transfers any buffered digital ink. 

A pen can be registered with any number of printers, but because all state data resides in 
Netpages both on paper and on the network, it is immaterial which printer a pen is com- 
municating with at any particular time. 

5.6 Netpage Interaction 

When the Netpage Printer receives a digital ink stroke from the pen, it retrieves the page 
layout of the Netpage identified in the stroke, to allow it to correctly interpret the stroke. 
The printer resolves, via the DNS, the address of the Netpage Page Server which holds the 
page layout, and then retrieves the page layout from the server. If the page was recently 
identified in an earlier stroke, then the printer may already have the address of the relevant 
Netpage Page Server in its cache. It may also have the page layout itself in its cache, in 
which case there may be no need to retrieve it. 

Once the printer has the page layout of the Netpage to which the pen stroke refers, it can 
interpret the stroke in relation to the layout and content of the page. This involves hit-test- 
ing the objects on the page to determine which objects the pen is interacting with, in much 
the same way that mouse movements and button presses are interpreted in a graphical iiser 
interface system. 

A "click'' is a stroke where the distance between the pen down position and the subsequent 
pen up position is less than some small maximum. An object which is activated by a click 
requires a click to be activated, i.e. a longer stroke is ignored. The failure of a pen action, 
such as a "sloppy" click, to register is indicated by the lack of response from the pen's 
"ok" LED. 

There are two kinds of interactive objects on a Netpage: hyperlinks and form fields. 

When a hyperlink is activated, the printer sends a request to a handler somewhere on the 
network. The handler is identified by a URI, and the URI is resolved in the normal way via 
the DNS. There are three types of hyperlinks: general hyperlinks, form hyperlinks, and 
selection hyperlinks. A general hyperlink may implement a request for a linked document, 
or may simply signal a preference to a server A form hyperlink submits the corresponding 
font! to a forni handler. A selection hyperlink submits the current selection to a selection 
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handler. If the current selection contains a single-word piece of text, for example, the 
selection handler may reliirn a single-page document giving the word's meaning within 
the context in which it appears, or a translation into a different language. Each hyperlink 
type is characterized by what information is submitted to the handler. 

Fomi fields come in four varieties: checkboxes, text areas, digital ink areas, and signature 
areas. A checkbox accepts a true or false value. Any tick or short stroke captured in a 
checkbox area is assigned as a true value to the corresponding field, A text area accepts a 
text string. Any digital ink captured in a text area is automatically converted to text via 
on-line handwriting recognition and the text is assigned to the corresponding field. A dig- 
ital ink area accepts raw digital ink. Any digital ink captured in a digital ink area is 
assigned to the corresponding field. A signature area accepts a handwritten signature. Any 
digital ink captured in a signature area is automatically verified and the resulting signature 
token is assigned to the corresponding signature field. Signature verification is discussed 
in detail in a later section. 

Because the handwriting recognition algorithm works "on-line" (i.e. with access to the 
dynamics of the pen movement), rather than "off-line" (i.e. with access only to a bitmap of 
pen markings), it can recognize run-on discretely-written characters [92] with high accu- 
racy, without a writer-dependent training phase. 

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which starts in 
a particular object's active area is appended to that area's digital ink stream, ready for 
eventual interpretation. Any stroke not appended to the remaining inactive area's digital 
ink stream. 

Digital ink captured in the inactive area is interpreted as a selection gesture. Any circum- 
scription of an object is interpreted as a selection of that object. 

The printer maintains a current selection for each pen. The selection contains the most 
recent object selected, resolved with reference to the page layout and content. The selec- 
tion can be attached to or pasted into another form, or in general be submitted to a selec- 
tion handler as described earlier. The selection is cleared after an inactivity time-out. 

Table 2 provides a summary of pen interactions with a Netpage. 



Table 2. Sunnnnary of pen interactions with a Netpage 
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As described earlier, user input on a physical Netpage is ultimately recorded persistently 
by a Netpage Page Server together with the corresponding page instance. To ensure effi- 
cient capture of user input, the printer accumulates input locally. To prevent update anom- 
alies, however, the printer temporarily obtains exclusive access to the page instance from 
the Netpage Page Server. The printer flushes input back to the serv^er and relinquishes 
exclusive access when the user initiates a non-local action on the page; after an inactivity 
time-out on the page; when the printer wishes to free up local storage consumed by the 
page; and on request from the server. 

When the printer submits a form to a form handler, it simply submits the document 
instance of the form. The form handler retrieves the fi jld values from the Netpage Page 
Server at its leisure. 

A form can also act as a shared '^blackboard" between the user and the fonn handler, i.e. 
the form handler can query the contents of the form fields maintained by the Netpage Page 
Server without the user explicitly submitting the form. 

For text areas, the raw digital ink is optionally also stored with the page instance on the 
Netpage Page Server. This allows the form handler to interrogate the raw digital ink 
should it suspect the original recognition of the handwriting. This might involve human 
intervention at the application level for fonns which fail certain application-specific con- 
sistency checks. 

Fonn fields can optionally be tagged to indicate their meaning. Fields tagged in this way 
may include name and address fields, for example. This semantic tagging allows these 
fields to be automatically filled in whenever a "blank'' form is requested by an identifiable 
user, i.e. a user who has registered their identity with the system and linked it to the iden- 
tity of their pen. 

5.7 Standard Features of Netpages 

Each Netpage is printed with the Netpage logo at the bottom to indicate that it is a Netpage 
and therefore has interactive propenies. The logo also acts as a "copy" button. In most 
cases pressing the logo produces a copy of the page. In the case of a fonn the button 
instead elicits a page giving the user the option to print the entire fonn document. And in 
the case of a secure document, such as a ticket or coupe i. the button elicits an expIanator>' 
note or advertising page. 

The default single-page copy function is handled directly by the relevant Netpage Page 
Server. Special copy functions are handler by linking the logo button to other URls. 

Once a Netpage fonn has been submitted, it is marked as submitted by the Netpage Page 
Server and cannot he submitted ap^.-n. An attempt to do elicits a status report indicating 
when it was subm \c\. A copy o: fonn can still be r Ic, altered, and rc-submitied. 

5.8 The Help System 

The Netpage Prinu : has a sing. - ton k: oiled "help ". 'Vhen pressed it elicits a single 
page of informatioM. This infon i inch des the folif ' ing: 

• status of printc- connection 

• status of printer consumables 

• top-level help menu 
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• document function menu 

• top-level Netpage Network director' 

The help menu provides a hierarchical manual on how to use the Netpage System. 
The document function menu includes the following functions: 

• print a copy of a document 

• print a clean copy of a fonn 

• print the status of a document 

A document function is initiated by simply pressing the button and then touching any page 
of the document. The status of a document indicates who published it and when, to whom 
it was delivered, and to whom and when it was subsequently submitted as a form. 

The Netpage Network directory allows the user to navigate the hierarchy of publications 
and services on the network. 

The help page is obviously unavailable if the printer is unable to print. In this case the 
"error" light is lit and the user can request remote diagnosis over the network. 
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6 Personalized Publication 
Model 



In the following discussion, news is used as a canonical publication example to illustrate 
personalization mechanisms in the Netpage System. Although news is often used in the 
limited sense of newspaper and news magazine news, the intended scope is wider. 

In the Netpage System, the editorial content and the advertising content of a news publica- 
tion are personalized using different mechanisms. The editorial content is personalized 
according to the reader's explicitly stated and implicitly captured interest profile. The 
advertising content is personalized according to the reader's locality and demographic. 



A subscriber can draw on two kinds of news sources: those that deliver news publications, 
and those that deliver news streams. While news publications are aggregated and edited by 
the publisher, news streams are aggregated either by a news publisher or by a specialized 
news aggregator. News publications typically correspond to traditional newspapers and 
news magazines, while news streams can be many and varied; a "raw" news feed from a 
news service, a cartoon strip, a freelance writer's column, a friend's bulletin board, or the 
reader's own e-mail. 

The Netpage Publication Server supports the publication of edited news publications as 
well as the aggregation of multiple news streams. By handling the aggregation and hence 
the formatting of news streams selected directly by the reader, the server is able to place 
advertising on pages over which it otherwise has no editorial control. 

The subscriber builds a daily newspaper by selecting one or more contributing news pub- 
lications, and creating a personalized version of each. The resulting daily editions are 
printed and bound together into a single newspaper. The various inembers of a household 
typically express their different interests and tastes by selecting different daily publica- 
tions and then customizing them. 

For each publication, the reader optionally selects specific sections. Some sections appear 
daily, while others appear weekly. The daily sections available from The New York Times 
online, for example, include "Page One Plus", "National", "International", "Opinion", 
"Business", "Arts/Living", "Technology", and "Sports". The set of available sections is 
obviously specific to a publication, as is the default subset. 

The reader extends the daily newspaper by creating custom sections, each one drawing on 
any number of news streams. Custom sections might be created for e-mail and friends' 
announcements ("Personal"), or for monitoring news feeds for specific topics ("Alerts" or 
"Clippings"). 

For each section, the reader optionally specifies its size, either qualitatively (e.g. short, 
medium, or long), or numerically (i.e. as a limit on its number of pages), and the desired 
proportion of advertising, either qualitatively (e.g. high, nonnal, low, none), or numeri- 
cally (i.e. as a percentage). 

The reader also optionally expresses a preference for a large number of shorter articles or 
a small number of longer articles. Each article is ideally written (or edited) in both short 
and long forms to support this preference. 
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An article may also be written (or edited) in difTerenl versions to match the expected 
sophistication of the reader, for example to provide children's and adults' versions. The 
appropriate version is selected according to the reader's age. 

The articles which make up each section are selected and prioritized by the editors, and 
each is assigned a useful lifetime. By default they are delivered to all relevant subscribers, 
in priority order, subject to space constraints in the subscribers' editions. 

In sections where it is appropriate, the reader may optionally enable collaborative filter- 
ing. This is then applied to articles which have a sufficiently long lifetime. Each article 
which qualifies for collaborative filtering is printed with rating buttons at the end of the 
article. The buttons can provide an easy choice (e.g. "liked" and "disliked'), making it 
more likely that readers will bother to rate the article. 

Articles with high priorities and short lifetimes are therefore effectively considered essen- 
tial reading by the editors and are delivered to most relevant subscribers. 

The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or don't 
surprise me), or numerically. A high serendipity factor lowers the threshold used for 
matching during collaborative filtering. A high factor makes it more likely that the corre- 
sponding section will be filled to the reader's specified capacity. A different serendipity 
factor can be specified for different days of the week. 

The reader also optionally specifies topics of particular interest within a section, and this 
modifies the priorities assigned by the editors. 

The speed of the reader's Internet connection affects the quality at which images can be 
delivered. The reader optionally specifies a preference for fewer images or smaller images 
or both. If the number or size of images is not reduced, then images may be delivered at 
lower quality. 

At a global level, the reader specifies how quantities, dates, times and monetary values are 
localized. This involves specifying whether units are imperial or metric, a local timezone 
and time fonnat, and a local currency, and whether the localization consist of />? situ trans- 
lation or annotation. 

To reduce reading difficulties caused by poor eyesight, the reader optionally specifies a 
global preference for a larger presentation. Both text and images are scaled accordingly, 
and less information is accommodated on each page. 

The language in which a news publication is published, and its corresponding text encod- 
ing, is a property of the publication and not a preference expressed by the user However, 
the Netpage Network may provide automatic translation services in various guises. 

6-2 Advertising Localization and Targeting 

The personalization of the editorial content directly affects the advertising content, 
because advertising is typically placed to exploit the editorial context. Travel ads, for 
example, are more likely to appear in a travel section than elsewhere. The value of the edi- 
torial content to an advertiser (and therefore to the publisher) lies in its ability to attract 
large numbers of readers with the right demographics. 
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EfTective advertisirii; is placed on the basis of locality and demographics. Locality deter- 
mines proximity to particular services, retailers etc., and particular interests and concerns 
associated with the local community and environment. Demographics detennine general 
interests and preoccupations as well as likely spending patterns. 

A news publisher's most profitable product is advertising ''space'\ a multi-dimensional 
entity determined by the publication's geographic coverage, the size of its readership, its 
readership demographics, and the page area available for advertising. 

In the Netpage System, the Netpage Publication Server computes the approximate 
multi-dimensional size of a publication's saleable advertising space on a per-section basis, 
taking into account the publication's geographic coverage, the section's readership, the 
size of each reader's section edition, each reader's advertising proportion, and each 
reader's demographic. 

In comparison with other media, the Netpage System allows the advertising space to be 
defined in greater detail, and allows smaller pieces of it to be sold separately. It therefore 
allows it to be sold at closer to its true value. 

For example, the same advertising "slot" can be sold in varying proportions to several 
advertisers, with individual readers' pages randomly receiving the advertisement of one 
advertiser or another, overall preserving the proportion of space sold to each advertiser. 

The Netpage System allows advertising to be linked directly to detailed product informa- 
tion and online purchasing. It therefore raises the intrinsic value of the advertising space. 

Because personalization and localization are handled automatically by Netpage Publica- 
tion Servers, an advertising aggregator can provide arbitrarily broad coverage of both 
geography and demographics. The subsequent disaggregation is efficient because it is 
automatic. This makes it more cost-effective for publishers to deal with advertising aggre- 
gators than to directly capture advertising. Even though the advertising aggregator is tak- 
ing a proportion of advertising revenue, publishers may find the change profit-neutral 
because of the greater efficiency of aggregation. The advertising aggregator acts as an 
intermediary between advertisers and publishers, and may place the same advertisement in 
multiple publications. 

It is worth noting that ad placement in a Netpage publication can be more complex than ad 
placement in the publication's traditional counterpart, because the publication's advertis- 
ing space is more complex. While ignoring the full complexities of negotiations between 
advertisers, advertising aggregators and publishers, it is clear that the Netpage System 
should ideally provide some automated support for these negotiations, including support 
for automated auctions of advertising space. Automation is particularly desirable for the 
placement of advertisements which generate small amounts of income, i.e. small or hfghly 
localized advertisements. 

Once placement has been negotiated, the aggregator captures and edits the advertisement 
and records it on a Netpage Ad Server. Correspondingly, the publisher records the ad 
placement on the relevant Netpage Publication Server When the Netpage Publication 
Server lays out each user's personalized publication, it picks the relevant advertisements 
from the Netpage Ad Server. 
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6.3 



User Profiles 



The personalization of news and other pubhcations rehes on an assortment of user-specific 
profile information: 

• publication customizations 

• collaborative filtering vectors 

• contact details 

• presentation preferences 

The customization of a publication is typically publication-specific, and so the customiza- 
tion infonnation is maintained by the relevant Netpage Publication Server. 

A collaborative filtering vector consists of the user's ratings of a number of news items. 
As described earlier, it is used to correlate different users' interests for the purposes of 
making recommendations. Although there are benefits to maintaining a single collabora- 
tive filtering vector independently of any particular publication, there are two reasons why 
it is more pi^ctical to maintain a separate vector for each publication: there is likely to be 
more overlap between the vectors of subscribers to the same publication than to different 
publications; and a publication is likely to want to present its users' collaborative filtering 
vectors as part of the value of its brand, not to be found elsewhere. Collaborative filtering 
vectors are therefore also maintained by the relevant Netpage Publication Server. 

Contact details, including name, street address, ZIP code, state, country, telephone num- 
bers, etc., are by their nature global and are maintained by a Netpage Registration Server. 

Presentation preferences, including those for quantities, dates and times discussed earlier, 
are likewise global and maintained in the same way. 

The localization of advertising relies on the locality indicated in the user's contact details, 
while the targeting of advertising relies on personal information such as date of birth, gen- 
der, marital status, income, profession, education, etc., or qualitative derivatives such as 
age range and income range. 

For those users who choose to reveal personal infonnation for advertising purposes, the 
information is maintained by the relevant Netpage Registration Server, In the absence of 
such information, advertising can be targeted on the basis of the demographic associated 
with the user's ZIP or ZIP+4 code. 

Each user, pen and printer is assigned a globally unique identifier, and the Netpage Regis- 
tration Server maintains the relationships between them. The server also keeps track of 
which publications a user has authorized to print on particular printers. Each user may 
have several pens, but a pen is specific to a single user. A pen may know any number of 



23 May 1999 



28 



Silverbrook Research 



Netpage System Design Description 



preliminary vO.1 



primers, and a printer may know any number of pens. These relationships are illustrated in 
Figure 3. 



publisher 



Fen 



Printer 



veer 
profile 



Figure 3. User registration relationships 



The pen identifier is used, in the fonn of a URN, to locate the corresponding user profile 
maintained by a particular Netpage Registration Server, via the DNS in the usual way. 



6.4 Intelligent Page Layout 

The Netpage Publication Server automatically lays out the pages of each user's personal- 
ized publication on a section-by-section basis. Since most advertisemenLs are in the form 
of pre-formatted rectangles, they are placed on the page before the editorial content. 

The advertising ratio for a section can be achieved with wildly varying advertising ratios 
on individual pages within the section, and the ad layout algorithm exploits this. The algo- 
rithm attempts to co-locate closely tied editorial and advertising content, e.g. ads for roof- 
ing material placed specifically with the publication because of a special feature on 
do-it-yourself roofing repairs. 

The editorial content selected for the user, i.e. text with associated images and graphics, is 
then laid out according to various aesthetic rules. 

The entire process, including the selection of ads and the selection of editorial content, 
must be iterated once the layout has converged, to attempt to more closely achieve the 
user's stated section size preference. The section size preference can, however, be 
matched on overage over lime, allowing significant day-to-day variations. 



6.5 Document Format 

Once the document is laid out, it is encml-'d for efficient distribution and Msistent storage 
on. the Netpage Network. 

The primary efficiency mechanism is vl c separation of i iormalion : 'f\c to a single 
user's edition and infonnation shared .een multiple usc:s" editions. *• specific infor- 
mation consists of the page layout. The ,^ ircd infonnation consists oft t lijects to which 
the page layout refers, including images, ^^raphics, and pitws of text. 

A text object contains fully- fonn atled text represented in the Extensi: ic Markup Lan- 
guage (XML) [101 ] using the Lxlcnsibto Styleslieet Language (XSL) 1 10. |. XSL provides 
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precise control over text formatting independently of the region into which the text is 
being set, which in this case is being provided by the layout. The text object contains 
embedded language codes lo enable automatic translation, and embedded hyphenation 
hints to aid with paragraph formatting. 

An image object encodes an image in the JPEG 2000 [44,45] wavelet-based compressed 
image fonnat to achieve high quality at compression ratios exceeding 10:1. 

A graphic object encodes a 2D graphic in Scalable Vector Graphics (SVG) [104] fonnat. 

The layout itself consists of a series of placed image and graphic objects, linked textflovv 
objects through which text objects flow, hyperlinks and input fields as described earlier, 
and watermark regions. These layout objects are summarized in Table 3. The layout. uses a 
compact fomiat suitable for efficient distribution and storage. 

The layout is tagged with the version of the text-setting algorithm used by the Netpage 
Publication Server when the layout was first created, allowing the Netpage Primer to 
exactly reproduce the physical layout intended by the server. 

Because Netpage Printer software is automatically upgraded over the Netpage Network, it 
is feasible to for Netpage Printers to contain every version of the text-setting algorithm. 



Table 3. Netpage layout objects 
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a. arbitrary multi-edged shape defined with spline paths 



6,6 Document Distribution 

As described nhovc. for purposes of efficient distribution and persistent storaiic on the 
Netpage Nelv/ork. :■: . ->cr-spccific page layout is separated from the shar, objcv:.- 
which it refers. 

When a subscribed |- -iMicaiion is ready to be distiibuicd, the Netpa-c Publication Sc:-. " 
allocates, with the hc^ ^ of the Netpage Id Server, a uiobally unique id for each page, pai;c 
instance, document. ;"id document instance. 
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The server computes a set of optimized subsets of the shared cotitent and creates a multi- 
cast channel for each subset, and then tags each user-specific layout with the names of the 
multicast channels which will carrv' the shared content used by that layout. The server then 
pointcasts each user's layouts to that user, and when the pointcasting is complete, multi- 
casts the shared content on the specified channels. After receiving its pointcast, each 
Netpage Printer subscril-es to the multicast channels specified in the page layouts. During 
the multicasts, each printer extracts from the multicast streams those objects referenced by 
its page layouts. 

Once a printer has r. ce :d all the objects to which it page layouts refer, the printer re-cre- 
ates the fully-popul iio; . iyOLit and then rasterizes and prints it. 

The server also deli\er£ ach page layout to the relevant Netpage Page Server, which may 
be co-located with the Netpage Publication Server, or may be located elsewhere on the 
network. Thus the page ' .youts are persistently archived as Netpages. It is the responsibil- 
ity of the Netpage Piibi. nation Server to preserve the shared objects referenced by the 
Netpages, to ensure thai they are really persistent. It may choose to archive these shared 
objects elsewhere on the -letwork at any time. The object URIs embedded in the Netpages 
allow the objects to move. 

Because of limited memory in a Netpage Printer, the printer may be unable to make use of 
a multicast when it first occurs. The Netpage Publication Ser\'er therefore allows printers 
to submit requests for re-nuilticasts. When a critical number of requests is received, the 
server re-multicasts the corresponding shared objects. 

Once a document is print-d, a Netpage Printer can produce an exact duplicate at any time 
by retrieving its page la: outs from the relevant Netpage Page Server, and retrieving the 
objects to which it refers from the network. 
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7 Security 



7.1 Cryptography 

Cryptography is used to protect sensitive infonnation, both in storage and in transit, and to 
authenticate parties to a transaction. There are two classes of cryptography in widespread 
use: secret-key cryptography and pubhc-key cryptography. The Netpage Network uses 
both classes of cryptography. 

Secret-key cryptography, also referred to as symmetric cryptography, uses the same key to 
encrypt and decrypt a message. Two parties wishing to exchange messages must first 
arrange to securely exchange the secret key. 

Public-key cryptography, also referred to as asymmetric cryptography, uses of two encryp- 
tion keys. The two keys are mathematically related in such a way that any message 
encrypted using one key can only be decrypted using the other key. One of these keys is 
then published, while the other is kept private. The public key is used to encrypt any mes- 
sage intended for the holder of the private key. Once encrypted using the public key, a 
message can only be decrypted using the private key. Thus two parties can securely 
exchange messages without first having to exchange a secret key. To ensure that the pri- 
vate key is secure, it is nonnal for the holder of the private key to generate the key pair. 

Public-key cryptography can be used to create a digital signature. If the holder of the pri- 
vate key creates a known hash of a message and then encrypts the hash using the private 
key, then anyone can verify that the encrypted hash constitutes the "signature" of the 
holder of the private key with respect to that particular message, simply by decrypting the 
encrypted hash using the public key and verifying the hash against the message. If the sig- 
nature is appended to the message, then the recipient of the message can verify both that 
the message is genuine and that it has not been altered in transit. 

To make public-key cryptography work, there has to be a way to distribute public keys 
which prevents impersonation. This is normally done using certificates and certificate 
authorities. A certificate authority is a trusted third party which authenticates the connec- 
tion between a public key and someone's identity. The certificate authority verifies the 
person's identity by examining identity documents etc., and then creates and signs a digi- 
tal certificate containing the person's identity details and public key. Anyone who trusts 
the certificate authority can use the public key in the certificate with a high degree of cer- 
tainty that it is genuine. They just have to verify that the certificate has indeed been signed 
by the certificate authority, whose public key is well-known. 

. In most transaction environments, public-key cryptography is only used to create digital 
signatures and to securely exchange secret session keys. Secret-key cryptography is used 
for all other purposes. 

In the following discussion, when reference is made to the secure transmission of informa- 
tion between a Netpage Printer and a server, what actually happens is that the printer 
obtains the server's certificate, authenticates it with reference to the certificate authority, 
uses the public key-exchange key in the certificate to exchange a secret session key with 
the server, and then uses the secret session key to encrypt the message data. A session key, 
by definition, can have an arbitrarily short lifetime. 
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7.2 



Netpage Printer Security 



Each Netpage Printer is assigned a pair of unique identifiers at time of manufacture which 
are stored in read-only memory in the printer and in the Netpage Registration Server data- 
base. The first id is public and uniquely identifies the pen on the Netpage Network. The 
second id is secret and is used when the printer is first registered on the network. 

When the printer connects to the Netpage Network for the first time. after installation, it 
creates a signature public/private key pair. It transmits the secret id and the public key 
securely to the Netpage Registration Server. The server compares the secret id against the 
printer's secret id recorded in its database, and accepts the registration if the ids match. It 
then creates and signs a certificate containing the printer's public id and public signature 
key, and stores the certificate in the registration database. 

The Netpage Registration Server acts as a certificate authority for Netpage Printers, since 
it has access to secret information allowing it to verify printer identity. 

When a user subscribes to a publication, a record is created in the Netpage Registration 
Server database authorizing the publisher to print on a particular printer. Every document 
sent to a printer is signed by the publisher using the publisher's private signature key. The 
printer verifies via the registration database that the publisher is authorized to print on the 
printer, and verifies the signature using the publication's public key, obtained from the 
publisher's certificate stored in the registration database. 

The Netpage Registration Server accepts requests to add printing authorizations to the 
database, so long as those requests are initiated via a pen registered to the printer. 

The user can register a Web terminal as a "publisher" authorized to print on a printer. This 
is useful if the user has a Web terminal in the home which is used to locate documents on 
the Web for printing. The authorization occurs as follows: the user prints a Web terminal 
authorization form. The Netpage Registration Server generates a short-lifetime 
one-time-use id for the Web tenninal which is printed on the fonn, together with the URl 
of the printer. The Web tenninal is used to navigate to a Netpage Registration Server reg- 
istration site, where the one-time-use id is entered, as well as the URI of the printer The 
Web terminal generates a signature public/private key pair. The server allocates a pub- 
lisher id for the Web tenninal, creates and signs a certificate containing the publisher id 
and the public key, and stores the certificate in the registration database. The URI of the 
printer, the publisher id, and the private signature key are stored locally on the Web tenni- 
nal. 

Whenever the Web terminal wishes to print on the printer it sends the printer a request 
containing the URI of the document to be printed, together with the publisher id, signed 
with the Web terminal's private signature key. On receipt of the request and before acting 
on it, the printer verifies publisher id and signature in the usual way. 

The user can print at list of current printing authorizations at any time, and retract any 
which are being abused. 



Each Netpage Pen is assigned a unique identifier at time of manufacture which is stored in 
read-only memory in the pen and in the Netpage Registration Server database. The id 
uniquely identifies the pen on the Netpage Network, 
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A Netpage Pen can know a number of Netpage Printers, and a printer can know a number 
of pens. A pen communicates with a printer via a radio frequency signal whenever it is 
within range of the printer. Once a pen and printer are registered, they regularly exchange 
session keys. Whenever the pen transmits digital ink to the printer, it always uses the 
appropriate session key. Digital ink is never transmitted in the clear. 

A pen stores a session key for every printer is knows, indexed by printer id, and a printer 
stores a session key for every pen it knows, indexed by pen id. Both have a finite storage 
capacity for session keys, and will a forget session key on .a least-recently-used basis if 
necessary. If either a pen or a printer forgets the other, then they simply have to go though 
the automatic registration procedure again. 

When an unknown pen comes within range of a printer, they soon discover they don't 
know each other. Under these circumstances the pen simply ignores the printer until it 
finds itself in the charging cup, at which time it initiates the registration procedure. 

In addition to its public id, the pen contains a secret id and a secret key-exchange key, both 
intended for one-time use. These are also recorded in the Netpage Registration Server 
database at time of manufacture. During registration, the printer obtains the secret id from 
the pen. Because it is transmitted in the clear, it may be intercepted by someone listening 
in. The printer transmits the id securely to the Netpage Registration Server, which 
responds securely with the matching key-exchange key, together with a newly-generated 
secret id and key-exchange key. The printer generates a session key for the pen and trans- 
mits it to the pen encrypted using the one-time-use key-exchange key. It also securely 
transmits the new secret id and key-exchange key to the pen, which saves them for the 
next registration procedure. They now match the pen's record in the Netpage Registration 
Server database. 

If the secret id transmitted in the clear from the pen to the printer is intercepted and used to 
retrieve the secret key-exchange key from the Netpage Registration Server before the 
printer queries the server, then the server rejects the printer's query because the secret id is 
out-of-date. Thus the printer knows that the pen has been compromised, and recommends 
that it be returned for repair. 

Whenever a pen is registered, the Netpage Registration Server prints a registration fonn 
allowing the pen to be registered in the name of a user. The pen can be registered to an 
existing user in the registration database, in which case the user's optional password may 
have to be provided, or new user details can be entered. 

The pen uses secret-key rather than public-key encryption because of hardware perfor- 
mance constraints in the pen. 

7.4 Secure Documents 

The Netpage System supports the delivery of secure documents such as tickets and cou- 
pons. The Netpage Printer includes a facility to print watermarks, but will only do so on 
request from publishers who are suitably authorized. The publisher indicates its authority 
to print watermarks in its certificate, which the printer is able to authenticate. 

The "watermark" printing process uses an alternative dither matrix in specified "water- 
mark" regions of the page. Back-to-back pages contain mirror-image watermark regions 
which coincide when printed. The dither matrices used in odd and even pages' watermark 
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regions are designed to produce an interference effect when the regions are viewed 
together - i.e. when looking through the printed sheet. 

The effect is similar to a watermark in that it is not visible when looking at only one side 
of the page, and is lost when the page is copied by normal means. 

As described earlier, pages of secure documents cannot be copied using the built-in 
Netpage copy mechanism. This extends to copying Netpages on Netpage-aware photo- 
copiers, • • • 

Secure documents are typically generated as part of e-commerce transactions. They can 
therefore include the user's photograph which was captured when the user registered bio- 
metric information with the Netpage Registration Server, as described in the next section. 

7.5 Non-Repudiation 

In the Netpage System, fonns subinitted by users are delivered reliably to forms handlers 
and are persistently archived on Netpage Page Servers. It is therefore impossible for recip- 
ients to repudiate delivery. 

E-commerce payments made through the system, as described in the next section, are also 
impossible for the payee to repudiate. 



23 May 1999 



35 



Sitverbrook Research 



Netpage System Design Description 



preliminary v0.1 



8 Electronic Commerce Model 



The Netpage System uses the Secure Electronic Transaction (SET) [62] system as its pay- 
ment system modeL Although SET is not yet widely supported, it is comprehensive and 
elegant and will probably become dominant in the near future. 

SET, having been developed by MasterCard and Visa, is organized around payment cards, 
and this is reflected in the terminology. However, much of the system is independent of 
the type of accounts being used. 

In SET, cardholders and merchants register with a certificate authority and are issued with 
certificates containing their public signature keys. The certificate authority verifies a card- 
holder's registration details with the card issuer as appropriate, and verifies a merchant's 
registration details the acquirer as appropriate. Cardholders and merchants store their 
respective private signature keys securely on their computers. During the payment pro- 
cess, these certificates are used to mutually authenticate a merchant and cardholder, and to 
authenticate them both to the payment gateway. 

SET has not yet been adopted widely, partly because cardholder maintenance of keys and 
certificates is considered burdensome. Interim solutions which maintain cardholder keys 
and certificates on a server and give the cardholder access via a password have met with 
some success [13]. 



In the Netpage System the Netpage Registration Server acts as a proxy for the Netpage 
user (i.e. the cardholder) in SET payment transactions. 

The Netpage System uses biometrics to authenticate the user and authorize SET payments. 
Because the system is pen-based, the biometric used is the user's on-line signature, con- 
sisting of time-varying pen position, tilt and pressure. A fingerprint biometric can also be 
used by designing a fingerprint sensor into the pen, although at a higher cost. The type of 
biometric used only affects the capture of the biometric, not the authorization aspects of 
the system. 

The first step to being able to make SET payments is to register the user's biometric with 
the Netpage Registration Server. This is done in a controlled environment, for example a 
bank, where the biometric can be captured at the same time as the user's identity is veri- 
fied. The biometric is captured and stored in the registration database, linked to the user's 
record and to the record of a particular Netpage Pen. The user's photograph is also option- 
ally captured and linked to the record. The SET cardholder registration process is com- 
pleted, and the resulting private signature key and certificate are stored in the database. 
The user's payment card information is also stored, giving the Netpage Registration 
Server enough information to act as the user's proxy in any SET payment transaction. 

When the user eventually suppHes the biometric to complete a payment, for example by 
signing a Netpage order fonn, the printer securely transmits the order infonnation, the pen 
id and the biometric data to the Netpage Registration Server. The server verifies the bio- 
metric with respect to the user identified by the pen id, an from then on acts as the user's 
proxy in completing the SET payment transaction. 



8.1 



Secure Electronic Transaction (SET) 



8.2 



SET Payments 
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8.3 



Micro-Payments 



The Netpage Network includes a mechanism for micro-payments, to allow the user to be 
conveniently charged for printing low-cost documents on demand and for copying copy- 
right documents, and possibly also to allow the user to reimbursed for expenses incurred 
in printing advertising material. The latter depends on the level of subsidy already pro- 
vided to the user. 

When the user registers for e-commerce, a network account is established which aggre- 
gates micro-payments. The user receives a statement on a regular basis, and can settle any 
outstanding debit balance using the standard payment mechanism. 

The network account can be extended to aggregate subscription fees for periodicals, which 
would also otherwise be presented to the user in the form of individual statements. 
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9 Applications 



The Netpage Network has the potential to subsume a wide variety of applications in both 
iradilional and electronic media. This section sketches soine of the possibilities. 

A quick summar>' of applications: 

• personalized newspaper and magazine subscriptions 

• freelance columns and bulletin board subscriptions 

• on-demand flyers and product brochures 

• on-demand books 

• e-commerce purchasing from online and traditional catalogs 

• delivery of statement and invoices, with online payment facility 

• delivery secure document (tickets, coupons and licenses) 

• perfect copying with copyright micro-payments 

• mail replacement 

• delivery of greeting cards 

• form printing, flll-in and submission 

• delivery of e-mail and facsimile 

• Web browsing and printing 

• corporate intranets 

• government services 

• photo album 

• computer printing 



The strength of the Netpage Network lies in automatically delivering subscribed periodi- 
cals, at a print quality equalling or exceeding that of their traditional counterparts, with 
editorial content personalized to individual interests, advertising content localized and tar- 
geted to individual localities and demographics, and advertising directly linked to detailed 
product information and product purchasing. 



The Netpage Network offers a new deliver)' mechanism to the $24 billion newspaper and 
news magazine market which is both more cost-effective than centralized printing and dis- 
tribution, and allows more fine-grained targeting of advertising. 

The simplest form of news personalization involves selecting a news publication and 
choosing which daily and weekly sections to receive. The simplest form of advertising 
personalization is tuned to the deinographics associated with the subscriber's ZIP or 
ZIP+4 code. Even with these entry-level forms of personalization, the Netpage Network 
offers a compelling distribution model for news. 

Users receive paper publications with the usability of their traditional counterparts, but 
with interactive properties. At the press of an on-pagc button, a user can print an article 
giving the background to a news story, prim a personalized product brochure, or add a 
product to the virtual shopping basket. 



9.1 



Personalized Subscriptions 



9.1.1 



Newspapers and Magazines 
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Any magazine normally printed on liglUweight paper stock is equally well-suited to distri- 
bution on the Netpage Network. However, since Netpage Printers don't carry heavier 
paper stocks and don't provide wrap-around binding, the Netpage Network is less 
well-suited to the distribution of so-called ''glossy" magazines. 

9.1.2 Freelance Columns and Bulletin Boards 

Users can choose to subscribe to individual freelance columns, cartoons, etc. These can be 
integrated into a user's daily news document, or printed individually. Freelancers can 
choose to receive micro-payments from their subscribers, freeing them from maintaining 
their own subscriber databases. The Netpage Network provides mechanisms for handling 
micro-payments- 

Users can also subscribe to the "bulletin boards" of friends: collections of news, 
announcements, pictures etc., which work much like freelance columns. 



9.2 On-Demand Publications 

The Netpage Network can deliver, on demand, current and back issues of periodicals nor- 
mally delivered on subscription, including newspapers, magazines, and comics. To main- 
tain the interactivity of all Netpages ever printed, the Netpage Network keeps all 
published content online at all times. Unlike the Web, where hyperlinks become unreliable 
over time, content on the Netpage Network never expires. 



9.2.1 Flyers and Product Brochures 

The Netpage Network makes high-quality flyers and product brochures instantly avail- 
able, linked to advertisements and entries in printed catalogs. 

Brochures are always up-to-date, and link to e-commerce, e-mail, and automatic telephone 
call-back. Brochure links can provide "click-through" fees to Unking documents, and sub- 
sidized printing to users. 



9.2.2 Books 

Users can obtain the latest best-sellers or rare "out-of-print" (a soon-to-obsoleted tenn) 
editions on demand, printed in column format with a text size chosen by the user. A typi- 
cal 300-page paperback fits on as little as 40 sheets of Letter paper. Slip-on covers are 
available for robust handling. 



Titles which have outlived their copyright period are available for free. Other titles are 
heavily discounted for Netpage delivery, since publishers avoid the costs of printing, 
inventory storage, and delivery. 

Colorful children's books reproduce immaculately. When they've been loved to death, 
they can be printed again, and again. 

Children's coloring-in books are available just when they're needed on a rainy day. 
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9.3 E-COMMERCE 



9.3.1 Online Purchases 



riic NcifiiiLic NciwiMk suppoiis :i siniilitr level i>l\>nliMc puirhasiiii: as the \Vcl\ hui in 
papcr-hascd iiiccliutn which prcsonis like a high-c]ualil> primed eaiali>u. 

A user can navigate the retailer s online Neipaiie caialoi:. priniinii catalog pages as ihev re 
needed and adding items lo a virtual shopping trolley. The contcnis of the trolley can he 
listed at any lime, and items can be struck from the list at the stroke of the pen. Pressing a 
"proceed to checkout'' button at any time elicits a completed order form just waiting lor 
the user s signature. The payment card account number is securely shown in the usual 
1234 5(5** **** *789 foimai. The user s signature authorizes the payment. 



9.3.2 Catalog Purchases 



Rather than buying from an online Neipage catalog, the user can select items from a tradi- 
tionally-printed catalog which contains active Netpage links. 



9.3.3 Statements and Invoices 



Statements and invoices can be securely and auditably delivered, and can be automat tcaliv 
lllled in with the user's default payment details without the sender knowing those details. 

The user's signatine can authorize the payment as normal. 

9.3.4 Secure Documents 

Retailers can securely issue tickets and coupons over the Netpage Network, primed with 

difficult -to- forge watermarks. 

Agencies of various kinds can issue licenses priiiict! with watermarks and the u'^er's ow n 
phtuograph. 

9.3.5 Copyright Copying 

An\ printed versit)n of a Netpage document becomes an easy means to printing another 
perfect copy. When a copy is made, the Netpage Network can automatically transfer a 
micrti-payment Irom the copier to the copyright holder. 

Trivial ct)pyriglu lees are universally respected but seldom paid because of the inconve- 
nience. *! he Netpage Network olTers inicro-pavment cotivenience ami the ciiiality of an 
original copy. 

9.4 Communication 

9.4,1 Mail 

The Netpage Network, once widely subscribed, can he used lo deliver numerous instances 
hI regular uuiil-nuts. particularly statements and invoices as discussetl abi>vc. 
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9.4.2 Greeting Cards 

A user c:in scIclM i\ ufcciiiiLi. cai\! an oiiliiu' caiaUiu. atici a haiu.lw I'iiicn tncssa!.u:. aad 

ciispaich ii via ihc NcipaL',c Nciwoik. C aicls can he acklicssccl lo other Ncipauc users, atui ' 
in normal postal addresses, in the latter ease tlie card is primed ai tiie service eeiiier closest 
to the recipient, autoinatieally placed in an envelope, and mailed tliroui.di the local [M>st. 

9.4.3 Forms . . . 

rorms of a! I kinds can be primed on the Nclpage Printer. HI led in by haiuL and siibniitled 
directly over the Nclpage Network. Submission is secure and cannot be re[:nidiatcd. 

Handwriting is auiomaticatly recognized by the system. I he digital ink tW'the handwriting 
is attached to the form in case a human clerk needs to re-interprct the handwriting. Auto- 
matic "handwriting hots'' on the network can assist with the recognition task, antomati- 
cally giving the user semi-intelligent feedback to elicit disambiguation. 

Any interactive Netpage "application", including e-conimerce and CHiiaiL uses forms of 
various kinds. 

9.4.4 E-Mail 

f;-mail forms can be printed on demand and lllied in by liand. The handwritten address is 
converted to facilitate delivery, but the rest of the message is delivered as digital ink. just 
as the user intended. If the recipient is computer-based rather than Netpage-based, all of 
the handwriting can be atitomatically converted, with the digital ink sent as an attachment, 
since it ma\' contain hand-drawn diagrams etc. 

9.4.5 Facsimile 

l acsimile forms can be pi inted on demand and 11 lied in by hand, fhe handwritien tele- 
phone number is converted to facilitate delivery, but tlie rest of the message is delivered as 

bitmapped digital ink. jusi as the user inten(.lc(.i, 

9.5 Web Browsing and Printing 

Users can brt>wse the World VVide Wel.i via their Netpage I^riiiier using: paj:ter and |.Kai as 
the user interlace. Netpage forms can provide emulation of MTMK forms. Only dynamic" 
media ol^jects may fail to print meaniiigfttl l\ . 

A Netpage l^rinler can be the ideal output device lor docimients encountered while brows- 
ing the Web. whether the browsing is terminal-based or Netpage-lxised. An incieasing 
number of print-ready documents are being pul^lished on the Wely 

l-ntire Web sites can be compactl\ formatted ft>r print, since a printed page has a much 
greater infonnat ion-beai ing capacity than a ct^nputer screen, and perused in a more lei- 
surely fashion. 

9.6 Corporate Intranets 



Aw organi/al ion can use a private intranet-based "^.'eipai^i: Network to iinplemeni a docu- 
ment repository and eiricieiitiy distribute documents on demand. 
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9.7 Government Services 

(iovcrnniciu c;in provide ;u\:cs> lo >cr\ ices \ i:i lUc NciiKiiic Nciv\ork. I hc luMwnrk c:in 
iib\ iaic ihc need u> visii uoveniuiein olllces u» t>i>i:iin Ibrnis aiii! subinil rornis. aiul ilie net- 
work can he used to efllcienily tieliver the results o I" submissions. 

9.8 Photo Album 

A Neipage l*rinter can be enhanced with an intVared data connee.lion (h DA) lo allow it to 
accept images wirelessly from a digital camera. Stiui ned images can be auioniaiicallv 
archived on the Nelpagc Network, and individual pliolos. b{Mh regiMar and posier-si>:cd. 
can be printed al pholo ciuaMty on the pi i titer 

Smart layout software can assist wiili the inieraciive creation ol" photo album pages, ready 
for insertion in a cumulative family album. 



9.9 Computer Printing 

A Netpage Printer can be the ideal output device for a personal computer or workstation, 
whether directly-connected or on a local-area network. The speed of the Neipage Printer 
and the qLialiiy of its output make it attract ive to existing ct)mpuier users. 
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0 Business Models 

.1 System PRiNCiPLES 

riic Nclpagc Nouvoi k tcvcr;ig(.'s ihc open icc!iiio1ol^> ami extensive in tVusirueUne oT the 
Iniernci. The wicicspicad acecpianee and growih ofilie Neipai^e Netw ork is predicated on 
0[^en conipetilitin rather llian nionopohstic practices. 

iiowever. to provide an incentive to early investors, scni i-exckisive hccnses to Mcni- 
jei-hased Nctpage Printer designs will be oil'erctl as well as licenses to manii lactLire paper 
and ink consumables. 




Figure 4. Open structure of Internet-based Netpage Network 

The network supports atiy niiniher ot independent participants, some of which have ct)m- 
plementary roles, and some of which compete. VUc open structtne of the netwtirk is illus- 
trated in I'igure 4. Contenl-ietaled participants include the rt)llo\vinLz: 

• news sou i ces 

• publishers 

• news aggregators' - 

• (reelance artists, writers, cartoonists 

• direct mailers 
advertisers 

• advertising aggregatt>rs 

• banks 

• merchants 
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IntViisinicimv-ivhiicii p:iriicip:inis i'u ltKk' the iollow 

« scr\ CI* suppliers 

• iiciwoi k sior'iigc jii ovidcrs 

• coiniminicatiotis carriers 

• Inicrnci sci vicc providers (iSI*s) 

• primer dealers (plus insiallaiion and servieiii;^) 

<» ink and paper consumables dealers (plus delivery) 

rechnoiogy-relaied parlicipanis include ihe tollowiint: 

• research and developnieni 

*» chip makers (primlicads, conuollcrs. (,)A) 

• primer niaiud'aclurers 

• ink and paper consumables ni an u lac lure is 

The strength of the network lies in the fact thai publication and deliveiy arc coinpleiely 
decoupled. This allows the deliveiy infrastructure to iirow independently oftiie participa- 
tion of publishers. 

1 0.2 Bootstrapping 

Because consumers are unlikely to be motivated to acquire a Netpage Printer until a vari- 
ety of publications and services are available, and because publishers will wait for an 
installed base before participating, the key to bootstrapping the network is to bundle the 
printer with a publication or service subscription, and possibly trimming prollt margins in 
the growth stage. 

There are several ways the manufacturing cost of the Netpage Printer, assumed to be we!! 
below SI 00. can he subsidized. Prinier-bascti tlisuibuiion can eliminate e.xisiiiig tlisiribn- 
tion costs, offsetting the printer cost, fhe printer can (:)rovidc a ne^^■ mechanism for deliv- 
ering advertising. \v\iU advertising prollts oflseiting ihc primer cost. And the primer cost 
can be buih into liie sui)Scripi ion fee for a publication or .scr\ ice. 

fhe cost of printing and delivering a newspaper normallv c.xc'ecds the price of subscri|)- 
tion 1 3 l.73|. fhe real proUt lies in the advertising. I he cost of the Netpage l*rimer is easily 
exceeded by one years' cost savings, allowing a Neipage subscription, including a "free " 
printer, to be priced lower than a traditional subscription. A Neipage subscription t>lTeretl 
to a customer already oiy the network would be priced ct)rrcspondingly lower still. 

If the publication or service delivered via the Neipage Primer is sulllcienily lucrative, then 
the publisher or provider may be able to subsitli/e nol only the prinlei" itself, but also it:, 
running costs. I liis can include Internet access, paper and ink consumables, and servicing. 
Demographics-informed advertising inay fall into this caiegory. fhe more information 
customers reveal about therliselvcs. the greater the value of the advertising to the advertis- 
ers, and so the gicaier the level of subsidization that can take place. 

I!arly investors who subsidize the installation of Netpage i*rinlers may be able to recover 
the investment and luin a prolli merely by charging other publishers an access fee to the 
primers lhe>' "own perhaps for an inierim period afler insiallaiion. according to a nel- 
\v'4»ik-wide agreement. They may also be able to earn commissions or) click-throughs and 
e-C(Mninerce transactions originating on pages primed i»n ilieir" primers. 
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Siniikir ;ippi'onc!io:> :irc :ihc;ui\ cinotizinj: in the !.;cnci;il (ntcinci iiKitkoi. in tho -IVccPC "" 
:ituf rclalcci nuulcls pcist>n:il computers nrc Inincilcci wiili Inlcrncl access, aiul ilic 

\vlu>ic packa-c is fiiilv or paritall> snhsicii/cci by acivcriisinu and c-coni nicrcc. 

Most conicnt-rolaicd participants in the Nctpagc Network, and even Internet service pro- 
viders, can henelil iVoni direclly investing in Neij)age Primer dcplovnienl. 

10.3 Maturity 

Many of tlie biindlino approaches are likely to remain applicable once the network" 
becomes widely subscribed. It is possible that the biindlinu oT the appliance (i.e. the 
Netpage Printer) with die service (be it Internet access or a publication subscription) will 
remain the dominant means of distributing the appliance, as it is in the cellular lelephtine 
market, and as an increasing number of companies, including IBM | 19], are beginninu to 
believe il should be in the personal computer market. 

10.3.1 News Publishers and News Aggregators 

News publishers with strong brands are likely to be able leverage those brands on the 
Netpage Network. They have an incentive to do .so quickly to prevent newcomers from 
filling the vacumn and capitn-ing the attendant advertising revenue. 

News publishers also have an incentive to migrate to the Netpage Network because it 
allows them to ofTer the more fine-grained targeting that advertisers are increasinul/ 
demanding, and which they are increasingly seeking elsewhere. 

News publishers who create content rather than simply aggregating other sources have a 
significant advantage, since they oirer both unique content and an editorial voice. Users 
are more likely to choose a single news publication whose content and editorial orienta- 
tion they find usefuL than specifying to a news aggregator how to glue together a number 
of disparate news sources. And any sufficiently strong news pttblication brand is unlikely 
U) make its conieni avaikible lo an aggregator smce the aggregator will be taking a pro- 
portion of advertising anti e-conimerce revenue. 

'fhe Netpage Nelwork. like i!ie Web. i)\'ic\s lower Ixirriers lo cnir> itian traditional publish- 
ing media, and this naiuralfy stimulates greater diversit)'. However, the geographic inde- 
pendence of the network, coupled with buih-in mechanisms for localization of 
publications, allows international, national anil regional news publications to more casiK 
compete in local news markets. 

The strength of a traditional local news publication lies partly in its local tiews content and 
partly in its local retail advertising and classilled advertisitig content. Aggregation of clas- 
sified advertising is alread\- iia|ipening on the Web. and the Netpage Network will make 
the same thing possible for local retail advertising. Local news publications are therefore 
likely to be excluded from the direct capture of local advertising, and may instead trans- 
form themselves into news gatherers feeding localized editions of larger publications. 

10.3.2 Advertising Aggregators 

l ite NetjKige Neiwork pronnses to be the most effective advertising meditim ever cow- 
ceived. It combines the eduorial and pritii quality of traditional publtcations' with arbi- 
trardy tinely targeted advertising, and prt)vides a direct link between advertising, product 
information, and ptn-chasing. 
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Ik'ciuisc |K*!st>ii;'.li/:ilion :iiul loc;ili/;uii»:i :tiv IkhkMccI :iuli>nKiticitll> In Nctp;iiic PuUlicM- 
Scia lts. ail iulvcnisiiiL' ;igj;rcii;uor cim pnu idc arhin at tlv hioatl ct>vcr:i!iL' o\' hoih 
iicogiaphv anci dciiuiuraphics. I Ik* s-jliscciuciu liisauizivuation is t;Hu:iciu iKxaiisc ii is 
aiiiomaiic. 

This inakcs ii more cost -o (Tec live tor pithlisliors lo lical u iih advcri ising aggrciialors than 
lo dirccily capuirc advert ising. l-ven tlu>uiili the adveriisiiiLi auiireuait^r Js tak ini: a propor- 
tion of udvcriisiiiii revenue, publishers mas llnd the chanue pihfli-neuiial because of die. 
greater eillcieiicy of aggregation. - :. . _ ' 

Because oflhc finer targeting supported by the Neipage Network, publishers and advertis- 
ing aggregators iiave a larger advertising space to sell, leading to greater protits. The link- 
ing between advertising, detailed produet inlonnaiion. and purchasing, and the 
corresponding measmabilily of consumer behavior, leads to greater prollls trom 
click-through Tees and e-comnierce coniEiiissions. bencilting publisliers and advertising 
aggregators alike. 

Added revenue from these fees and commissions may even allow users* costs - printer, 
ink, paper, and Internet access - to be fully subsidized. 
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11 Printer Product Design 

Ncipagc Primers nrc iniciKlcd Tor use in doincsiic. comniorciiil. ctirporuie and luvspii:ilii\ 
onvironnicnis. They arc all based on a siraiiihi paper path, passing through a Mem jet irans- 
ier roller prinihead meehanism. It> most cases the printed paue is ghied along one edue ami 
adhered to the previous page to form a llnal binind document that can he I page or 500 
pages thick. They all interact with the wireless Netpage Pen. 

Netpage Printers are primarily intended for unobtrusive wall-nuuinting. I'hey also come in 
tabletop and portable versions. 

11.1 Wallprinter 

A low-cost, wall-mounted, base model with a duplex 8/2" Mcmjei prinihead array thai 
accepts a full ream of US Letter paper in a veitical roi-mai as shown in Figures 5. 7 and 8. 
Paper is placed into a hinged lop iray down onto a sprung plalen and registered under edge 
guides before being closed. Figure 6 shows ihe access 10 the paper and ink cartridge. 

A replaceable cartridge containing cyan, magenta, yellow, and infrared inks and glue is 
also accessible when the tray is open. It connects via a series of self-scalitig connectors 10 
hoses that transmit ink and glue to their separate locations. The cartridge consists of a thin 
wall drawn aluminum casing that accommodates four ink bladders and a single glue blad- 
der into an injection molded connector base. This is a fully recyclable product with a 
capacity for printing and gluing 3000 pages ( I 500 sheets). It is protected from forgeries by 
use of an authentication chip. 

When closed, a release mechanism allows the platen to push the paper against the pick-up 
roller assembly, where it is fed directly into the duplex printhead assembly. From there, 
the sheet passes a momentary action glue wheel with powered spike wheels, where it has 
glue applied to the vertical edge as it passes through. The glue wheel is capped when nt)i 
in use and is (operated by a powered camshaft. 

'I'he printed sheet is fed down \o a binding platen that operates with a closed steel wire 
loop systcjii of pulleys, runners and a powered axle, t his provides the necessar\- speetl 10 
push the sheet forward onto the rear of a previous sheet, glue/bind it and return to the 
liome position to accept the next printed sheet in less than 2 sc"concls. A motori/.ed paper 
tapper assembly aligns the sheets in a simultaneous operation. 

When a document is bound and llnished. a powered exit hatch with a tamper sensor opens. 
Plastic foils work together with the hatch to tiirect the llnished document to the liack of the 
collection tray and feed any lurther docmnenis into the tra\ without hitting existing ones. 
The collection tray is molded in clear po!ycarb(Miale and pulls out of its socket under a cer- 
tain loading. Access Ibr removing tlocuments is provided on three sides. 

The primer has a main PCB that accommodates all major circuitry components hticluding 
external data jacks. A flex PCB runs from the main PCB to the paper tray and has three 
diHc-rent color l.i:i)s and a push button, fhe IJ-[)s indicate "on", "ink out", paper out ", 
and "error". The push button is a "help" interface that prints out a simple instruction sheet 
and a comjKicl features directory for the user. The unit is powered by ;ui internal MOV 
p(»wer su|)ply that is connected befoie v\ ;dl-nuMinting. 
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Figure 5. Wallprinter 
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Figure 6. WaMprinter paper and ink cartridge access 

The primer has several metal hangers on the rear, which locate iino keyhole slots in a 
metal back plate that is securely fastened to a wall. When the printer has been connected, 
it is hung onto the back plate and fixed with a locking screw found under the paper tray. 

The Netpage Printers are fully custom iziible in llnishes and c-c)lor as the front moldings 
clip on to a core chassis and are easily removable. 



23 May 199^ 



51 




Figure 7. Wallprinter front elevation 
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Figure 8. Wallprinter side elevation 
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11.2 Wallprinter Pro 

Tliis primer is similar to Wallpiiiilcr in most respects, except that it has a duplex 1 1" print- 
head assembly, which prims on US Letter paper in a landscape rormal (see Figures 9, 10 
and 1 1). This means a faster print time and binding time for each page, making for faster 
overall document delivery. 

Another difference is the location of the ink cartridge, which resides above the paper tray 
rather than down the side. Each page is glued along the horizontal edge by a ful] -length 
glue sponge, which is capped when not in use. Operation, printing, and document han- 
dling are identical to Wallprinter. 

Wallprinter Pro is fully customizable in finishes and color. 




Figure 9. Wallprinter Pro 
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Figure 10. Wollprinlor Pro front elevation 
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Figure 11. Wallprinter Pro sido elevation 
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11.3 Tableprinter Pro 

This priiiiLM" is a Uil>lctiip vcrsit)ii ol llic Wallpriiucr Vvo. l ls.sciHial l\ . il is \Uc -.amo pi inior 
unit with a base pliiuh thai ackis cMia runciioiuility. such as liSli. parallel port am! a power 
socket (sec Figure 12). 

rableprinter Pro is fuliy cusioiiiizabic in tlnishes and color. 




Figure 12. Tableprinter Pro 
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11.4 Wallprinter Pro R 

This printer shares the same printing and binding configuration of US Letter landscape 
Ibrmat as Wallprinter Pro. The main difference is the media deliveo'. which is in the form 
of a large print roll cartridge (see Figures 13, 14 and 1 5). This cartridge accommodates C, 
M, Y, and infrared inks and glue as well as a 1000 sheet capacity roll of paper. The car- 
tridge can be recharged at nominated outlets when required. and it.is protected from forger- 
ies by an authentication chip. 

The printer has integral structural metalwork to support its weight and a ball bearing track 
for easy loading and removal. 



Wallprinter Pro R is fully customizable in finishes and color. 




Figure 13. Wallprinter Pro R, with print roll extracted 
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f-iyure 14. VVallprintor Pro R front elevntion 
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Figure 15. Wallprinter Pro R side elevation 
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1 1 .5 Tableprinter Pro R 

I'his primer is a lahlcUip version ol (he Wallprimer Pro R. I;sseniiall\. ii is llu: same priaier 
unit with a base plinili ihai ackis extra l\inciioiiality. such as IISB. parallel port auci a povM.-; 
socket (see Figure 16). 



Tableprinter Pro R is tiili\' customizable in finishes and color. 




Figure 16. Tableprinter Pro R 
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This is a small, Itghiwciglu. versatile and ci)iiiploici\' ptH-lahlc Ncipa^ic Vnincv (sec I'iu- 
uics 17 and !<S). It has in-biiiit niobitc iietwt^rk comnuni icalit)!! hardware and solhvare, 
aliowino u to dowiiKxid doeumetits anywhere, i ravclprinter also has coinnuin ieal ions 
pons lor eoni[Miter interface printing \vlien required. 

1 he printer eoiisisis of a front and rear molding w ith a chassis to aeeoniniodale the major 
components inckiding a lithium battery and an 8/2" duplex Memjet pi inthead assembly^ 

A compact print roll cartridge with C, M, Y and infrared inks and paper is used in the 
printer, providing 50 US L.etter pages or 100 AS pages. It is protected from forgeries by an 
authentication chip. 

A motorized guillotine assembly cuts the media between the cartridge and the prinlhead 
and motorized spike wheels eject the finished print out of the unit. A Hex PCB runs from 
the main board to a segment LCD and two push buttons. The LCD shows signal strength, 
any errors, battery and number of pages left in the cartridge. The buttons allow the printer 
to either connect to the Netpage Network or to act as a stand-alone printer. A USB inter- 
face is provided on the side of the printer along with DC 3 V input. 




Figure 17. Travelprinter, with print roll extracted 
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Netpage Pen 

i'hc Nci|Xigc fVM) is ;ni iiuclliizciH. iiilcraciivc vvriliiiLL iinjilcincni Husl cdimnunicMlcs with 
the NLMjXigc l^rinlcrs and ihc Neipauc Network, It allows ([)c user tt> wriic noiniallv wiili 
aji ink nib or use a non-marking stylus. Roiating ihc top ufihe pen seSecis helwecn tlieni. 

The pen has a distinctive sha|)e thai is both ergontiniic ani! Iiinelujiuil. \\'itl) iniauiii|^ oj:>ties 
and eteetronics housed in the 'underbelly' (see. l-igures I 2i) and 2 1 ). 




Figure 19. Netpage Pen, shown full size 

Ihc pen eotiSLSts nl a metal mb thai is remvjvable H) alio'.', ink earu-Kk'-.; replaeeinenl. lol 
lowed by a tinted diffuser. The dilVuscr houses an antenna and two l.i;i)s on a Ilex IHJR: 
the Itrst is located on top of the pen lor good all-round visibility. It is a iri-color iJ d^ tluil 
respnnds in ihree modes when the pcti is in use; jieriodie Ma^Jiing iueen when it is oidine 
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to the primer. riionicniiir> tirccn when an operation succeeds, monienlary red when an 
error occurs, yellow when it passes over an active area on the page. A separate lens is 
mounted into the dilTuser, which is optically de-coupied. The lens sits under a second 
LED thai emits infrared light onto the page. The illuminated image is auto-focused onto a 
controller chip with an on-board image sensor via dedicated optics. The optics chassis 
accommodates a PCB with various components, including an induction coil for recharginu 
and a MEMS chip. This chip also includes an optical sensor for detecting pressure move- 
ment in the metal cam turning when either the stylus or the ink cartridge is used for .writ- 
ing. The cam turning is connected to a terminal collar that has the contact strips, for a 
rechargeable batte^>^ This assembly is Htted into the pen top.and connected via two flying 
leads to the PCB for power transmission. The top assembly is pushed into the body mold- 
ing where it is free to rotate. By turning the top through 90-degree steps the pen has the 
st>'lus out, the pen out or both retracted. The pen has a standard length of 154mm and 
diameter of 1 1 mm. 




Figure 20. Netpage Pen, exploded 
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Figure 21. Netpage Pen 
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Pen ChakgjNG Cup 

i\'otp;i;:c Pons ihai ;tiv pi;iv'i.'i! id il. l-iuii:*' >lu;\v:; ihc imii ttiinptMiciils \*.liicii iu\: an 
inner niokliiiii. base nudJinii. :in indue: ioa ciii!. ;i icnninaiion hU)c'k. a a tiilTiiscr 

nuUdiim aiul an cxil wii t; a V ptr.*. ci sup;':iy i iic inner nu>l(iin^i acconiinotiaics li^: 
induelion coil, wliit:!! is lieia eapiivo i'nc un\i is asscnil^lcd. !Tic etiii passes llnouuli a 

lerniinaiion l)lock. wIkiV ;i ;l\ iiiii l A'A) is aiso aHaehctl. I "iie M!l) is positioned ai ihe lop 
ot"ll)e unit under a (iii!\!Ser. Si> il acis a:; a beacon io indicaio iha'. ii w active. I'he charuinii 
cup is VOnini in diameie;- by ';.;nnii Idgh. 
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Induction 




Figure 22, Notpage Pen charyirig cup 
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12 Memjet-Based Printing 

A Mcm.,01 prmihcad produces 1600 dpi hi-lcvcl CMYK. On l.nv-d,rit,si(,n pnpcr each 
c.iccied drop (onns ;u, ulinosl ponccdy circular 2:'...^Mn. diameter doi. Octs are casilv pro- 
duced ,n .solanon. allowing dispersed-do. dill.ering u. be e.xploiled lo as rullesl Since d,e 
Mcn.ie. pnnUicad is ihc widih of the page and operaics :v,.h a constant paper velocit v d„- 
hnn- color pla,.es are printed in perlcci regis.raiion. allowing ideal dot-on-dot printin-' 
Sntee there ,s eonsequenily no spatial interaction between color planes, the same diilK-r 
matrix is used for each color plane. Ooi-on-doi priming minimizes imiddvin.-- of mid- 
tones caused by inter-color bleed. " 

A page layout may contain a mixture of images, graphics and le.xt. Continuous-tone (con- 
tone) images and graphics are reproduced using a stochastic dispersed-dot dither Unlike a 
clustered-dot (or amplitude-modulated) dither, a c/i,pcrseJ-Joi (or IVequency-modulatcd) 
dither reproduces high spatial frequencies (i.e. image detail) almost to the limits ol ihc dot 
rcso ution. while simultaneously reproducing lower spatial frequencies lo their full color 
depih. when spatially integrated by the eye. A stochastic dither malri.x is carefullv 
designed to be free of objectionable low-frequency patlcrns when tiled across the ima-e 
As stich Its .size typically exceeds the minimum si/.e required to support a partict.lar num- 
ber of intensity levels (e.g. 16x16x8 bits for 2.S7 intensity levels). 

Human contrast sensitivity peaks at a spatial frequency of about .1 cveles per deo.ce of 
visual held and then falls off logarithinieally, decreasing by a factor of 100 bevond about 
•40 cycles per degree and becoming immeasurable beyond 60 cycles per degree At a nor- 
n.a viewing distance of 12 inches (about 300mm), d.is translates roughlv to ^00-300 
cycles per inch (ep.) on the printed page, or 400-600 samples per inch accordin.." lo 
iNyquist s theorem. - 

in practice, contone resolution above about 300 ppi is of limited uiilitN^ outside sp.-cial 
applications such as medical imaging. Offset priniin.. of magazines, lor example uses 
.oiuone resoka(on> m (he range I .SO lo 300 ppi. | hghor rcsolmions coninbute sli-luK lo 
color error ihroiigh ilic dither. 

I^lack tc.M and graphics are reproduced dnccih usinv. hi-|-,^cl i>hu.k .iou and are ihcn-fnre 
not antiahased (re. low-pass ni.ered) bel.,re being printed. Text is therefore .v„»« s.//,//;/<^,/ 
beyond the pcrceplnal limits discu.ssed above, to produce smoother edues when spalialh- 
miegrated by the eye. Ie>a resolution up to about 1200 dpi conlimies iJcontribute to pei'- 
ceivcd le.xl sharpness (assuming low-diffusion paper, of course). 

The Neipage Printer uses a contone resolution of 320 ppi (i.e. l6()0-:-s) and a black text 
and graphics resolulion of 1600 dpi. 
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liocauso ot" ihc \ui\h ivsoluiitin ot ihc iVIcinjLt priruh.Liid. oaeh pai:c iiuisi ho primed ;ii ;i 
consinni speed U) :ivoid creating visible iiriiraeis. This inear.s liuu die pi iiiting speed cau l 
be \ai ied lo iiKiicli llie inpiu dala laie. Doeuinern rasier ixaiioii and doeumejii print iiiLi are 
ihereibre decoupled (o ensure du: priiiilieati has a constani suppl\ i>rdata. A jKiize is never 
piinied until it is (idly rasieri/ed. This is achie\t:d b\ sioriui: a compressed version ofeaeh 
rasieri/ed page imago in m onion. 

I his docouphni: also allows the \<\P to rim ahead of the. [Mintor when rasieriving simple 
pages, buying lime to rastorize mt>re complex pages. 

13 ec a use cot none color images arc reproduced by stochastic dilheiiiig. Inil black lexi anci 
line grapliics arc reproduced directly using dots, ihc compressed page image t'orniat con- 
tains a separate foroground bi-level black layer and background conione color layer. The 
black layer is composited over the contone layer aher tlie contonc layer is ditliered. 

l-igure 23 shows the How ofa Netpago Printer document from network to printed page. 
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compressed two-layer 

page images 



cornpcsiie i 
I biack layer over : 
j contone layer 



print 
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Figure 23. Netpagc Printer document data flow 

/\i .■>_'() ppi. a Letter page oi'conttjne C iV] ^ clala has a si/.e otW/MB. Hsing lossx conione 
compression algorithms sucii as .iri;C;. cnnitine images compress with a ratio up'tt) M): i 
wuhout UDiieealile loss t)l\juahi\. giviiiL- a compressed page si /,e or2.7jVlli. 

Al l()00 dpi, a Loiter page ot bi-levol data has a size oi'29MH. Coherent data such as lexl 
compresses veiy well. Using lossless bi-lovel compression algorithms such as Group 4 
l-acsimile, ten-pt)iiu text compresses u iih a ratio of about 20; L giving a compressed page 
si/.e of L4MH. 



( )nee diM»ered. a page of C iVH contour image dala Cinisisis id" .S6MM td" bi-level data, 
i Kitu.! lossless bi-level compression algorithms on this data is pointless (^recisoK because 
the optimal dither is stochastic - i.e. since it introduces hard-to-coinf^ress disordei-. 
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I he iwo-kiycf compics>cd \iun<j.c ihctvloiv cxploiis ihc rclaiivc siiviii^ih.s o!" 

lossN JPIXi coiiKiiio iiiKiuc compression and lossless l>i-lc\ol icxl coinptcssion. I hc tor- 
mai !s coinpacl ciuuigli to he storage-efl icieiii. and simple enough to a!ft)\v sirniLilii lorw 
teal-time expansion during prinliiiu. 

Snice lexi and inui-cs n(^rmaMy don'i overlap, tlie normal wor.^t-case pa<ze iniaue si/e is 
2.7iVIB (i.e. image-onl\' ). while the normal hesi-ease page image si/.e is l.-lTviR (i.e. 
text-only). The absolute worst-case page image size is 4.1Mli (i.e. text over imaue). 
Assuming a quancr of an average page contains imaizes. the avcraize pa^-e iniaue size is 
t.7MB. " ^ ^ ... - 
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Printer Controller 
Architecture 



The Nclp;iLLC i^ iiUcr coiuiollci consists ol a coiurolliiu: pt()ccsst)r. ;i lacloi \ -sclcciod iici 
work intcrtiicc. ii rndio iriiiisccivcr. dual rasicr iniaut; processor (KIP) DSPs. diiplc.\c< 
print engines. Hash nieniory. and 64iVIR ofDRAiVl. as illiisiralcd in riuure 24. 
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Figure 24. Basic printer controller architecture 

The coiurolling processor handles coiiinuinicaiitxi wiili ihc hiiernei and u'idi local wire- 
less pens, coiurols the user inierface (biiitons and LLDs). controls the paper transport, han- 
dles ink cariridue aiiihcntical ion and ink monitoriiii^. and feeds and synchronizes the KIP 
DSPs and print engines. It consists o\' i\ niediuin-pei rorinancc ueneral-piirposc micropro- 
cessor. 



riie KIP DSPs rasieii/.c and etuiipress paije descriptions to the Netpaue Printer s com- 
pressed paue formal, l iach prini eiiL^iite expands, dithers and prints paue inuiLies to its asso- 
ciated iVlemJei printhead in real time', 
page siniultancouslv- 



le duplexed print eniiines print hoth sides ol'thc 



riie printer ct)ntroller*s Hash memory holds the soltware for both the processor and the 
DSPs, as well as conduiiration data. This is copied to main mcnioiy at hoot lime. 



At Mi or -1."^ pai'.cs pei" mitune. 
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I he prcKCSSiir, I )Si*s. prim cnuiiics :iiul digiuil iransccivcr compoiicius ;)rc iniCL^iiUcJ in :i 
sniulc ASIC. The iVII-tVlS ami analoji Kl" componciits arc inicuralcd in a separate Ml jVlS 
chip, which is also used in ihe wiieless pen. Additional pen-speeilie components in the 
Ml jVlS chip arc not used in the printer conirtillcr. The Internet nei\\'ork interlace module is 
separate, since Nctpage l^-inters allow the nelw(M-k conneciion to he raciory-seleeted. 
1-lash memory and the 2x2^6Mbii (64iV1B) DKAM is also olT-ehip. 

Various liuernet network itiicrrace modules can he supported. I V)ssihil iiics iriclude a POTS 
modem, a Hybrid l-iber-Coa\ (HFC) cable modem, an ISDN inodem. a DSL modem.' a\ 
satellite transceiver, a current or ne.xt-generation cellular teleplioiie iranscciver. aw ire I ess 
local loop (WLI..) transceiver, etc. A Internet connection nia> already be available t)n die ' 
local network, in which case only a local network connection may be required. 

The primer controller optionally includes a local network connection, to allow the printer 
to be used from a directly-connected workstation or over a local-area network. Possibili- 
ties include lOBase-T and 100Base-T Ethernet. USB and USB 2.0. ILEIX 1394 (l-irewire). 
and various emerging home tietworkinu standards. 

The t-adio transceiver communicates in the unlicensed 900iVlHz band normallv used by 
cordless telephones, and uses frequency hopping and collision detection to provide inter- 
ference-free com mufii cation. 



14.1 Detailed Document Data Flow 

fhe main processor receives and verifies the document's page layouts and page objects by 
Internet pointcast and multicast as described in earlier sections, ft then runs die appropri- 
ate RIP software on the DSPs. 

The DSPs rasterize each page description and compress the rasterized page iinage. The 
main processor stores each compressed page image in memory. !1ie simplest wav to 
load-balance multiple DSPs is to let each I3SP rasterize a sejxirale page, "fhe DSl^ can 
always be kepi busy since an arbitrary iuiniber of rasieriAcd pages can. m general, be 
stored ui memory, fhis strateg\- can lead to poor DSP uiili/.ation. iunvever. when rLisieri/- 
ing short documents. 

Watermark regions in the page description are rasterized to a eontone-resolution t>i-level 
bitmap which is losslessly compressed to negligible size and \\1Tich forms part of the com- 
pressed page image. 

I he infrared (IK) layer t>f the printed page contains encoded |:>ositioii tags at a density of 
about 25 per inch. Kacli tag encodes the page id. tag position, and control hits. Active 
areas and pressure-sensil ive areas in the page description are rasterized to tag-resolution 
hi-level bitmaps which do not require coinpression and which form jxirt of the compressed 
l")age image. 

Hie jiiain processor passes back-to-back page images to the duplexed print engines. Lach 
print engine stores the compressed page image into it.s local memory, and starts the page 
expansit)n and printing pipeline. Page expansion and printing is pipelined because it is 
impractical t(^ store a I 14MB bi-level CMYMK page image in iiiemorv. 

Ihe lirsl stage of the |)ipeline expands the .1 PfX i-compressetl coiiH)iie CM Y layer, expands 
the (iroup 4 Pax-compressed hi-tevel watermark map. and expands the Ciroup 4 fax-com- 
pressed bi-level black layer, all in parallel, fhe second stage didiers the contone ('MY 
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liiyor usiiiu ilic JIiIilt iiKiirix sclccict! In ihc wiiicniKirk iii:ip. miicI L'iim|)(tsiiL*s iho hi-lov.cl 
bliick l;i\'ci" over ilic rosiilliiii: l^i-lcvcl CtVlY hi>cr. Since there is no bktek ink used in ihe 
Neip;tiie l*rinier. the hkick kiyer is eomposiletl \\ \\\\ euch of C. tVl and V. In parullel wiih 
(his. (he lag encoder iJLcnerales and encodes ilie hi-level IK inii ciaia. The kisi stage prims 
die hi-level CMY ' IK tiata through the Menijel prinihead via the printhcad interface. 



The print engitic's page expansion and printing pipeline consists of a standard JPI:Ci 
decoder, a standard Group 4 Fax decoder, a ciisioni ditherer/conipositor unit, a custom 
position tag encoder, and a cnsioni interface to tlie tVlctnJet printhcad. 1"hcse are described 
in detail in design documents. 

VVIien several print engines arc used in unison, such as in a duplexed condguration, lliey 
are sytichronized via a shared line sync signal. Only one print engine, selected via the 
external master/slave piti, generates the line sync signal onto the shared line. 

In the 8/2'' versions of the Netpage Printer, each print engine prints 60 Letter pages per 
minute along the long dimension of the page (I 1"). giving a line rate of l7.6KI-!zat 1600 
dpi. In the 1 I" l*ro versions of the Netpage Printer, each print engine prints 90 Letter j)ages 
per minute along the short dimension of the page (8'/2"), giving a line rate of 20.4KI Iz. 



14.2 



Print Engine Architecture 
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These line rales are \s ell \\ ithiii (tie (ipeciil kil: lVeque!ie> til'ihe iVleiniei priiuheacl. w hieli in 
the curroiil ciesimi exeeeds ."JOKI I/.. 
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Figure 25. Print engine architecture 
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Pen Controller Architecture 

riic Ncipagc l*CM conirollcr consisis o\' :\ coniioMiiiii pii>ccssor. ;i v:\d'\o tr;mscci\ci. ;i lili 
sensor. :\ nib pressure sensoi\ n IK image sensor, tlasli nienion. atui S|2K1^ ol'UKAiVl. as 
itiusirateci in Tiuure 26. 
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Figure 26. Pen controller architecture 



The controlling processor captures and decodes IR position tags from the page via the 

image sensor, monitors ihe lili :ind pressure sensors. c{Mitix)ls the atiioibciis voice-coil, 
controls the user imerlace (tricolor LIZD). and haiidles wireless ciJinnumicaiion with the 
local Neipage I'riniei". It ei)n.sisi.> oi' i\ inedinm-perl\)i niaiice ( 2.*^iVll I/. KiSC) general-pur- 
pose microprocessor. 



r\\o-;ixis till sensing is provided hv ;i i\vo-:t.\is iicceleronieier. Nib presstire sensing is pro- 
vided by an IR eiiiilter and [ihotodiotle pair in ct>nitinction with a reflector eoitpled with 
the sprung nib. 

The processor, digital transceiver components, 96x96 image sensor. Hash memoiy and 
5I2KI5 DRAM are integrated in a single ASIC. The MliMS and analog KF components, 
acceleromeiers, and the IK emiiier/photodiode are integrated in a single iVll£iVlS chip, also 
used in the Neipage l*rinier. 

The radio lianscei\ei ct>miminicaies in the mdiceiiseti 9()(tiVlII/ band norniallv used b> 
cordless telephones, and uses !rec|iienc\ hopping and collisinn detection t(» provide inter- 
terence-lree communication. 



23 May 1999 



75 



Silverbf ook Rese;irciT 



Netpcige System Design Descri;:nion 



Detailed Design 



23 May 1999 



75 



preliiiKMatv vO 



Position Tag Data Format 

The ciiiiiv page is lilocl wiih position uius. l-;:ich posinon uig imisi be iiiLlcpciidciiL to :il!o\\ 
for siiiiilc-poini virtual button and hypcilink presses, anti so contains both the local X-V 
position atici the global paue id. In addition particular ilaus aie associated with eacli 
such as \v heiher the pen sliould inrn on its tight wliile over the tag. 

Hie tag data (page id. a local X-V posilion. and a number ot* Hags) is error-coirectiibl\ 
encoded as a square binaiy inairix which is printed as an array oTbi-levcl macrodois. luich 
niacrodoi itself consists of a square ol'onc or more dots to ease image prticessing. 

I lie position encoding suppoiis a particular page size. Where the physical page size 
exceeds this virtual page size, the physical page is simply tiled with multiple virtual pages, 
each with a dilTerenl page id. Figure 27 illusltates the concept ofa page tiled with |)osition 
tags. I he contents of each tag are not shown on liiis illustration. 




Single Tag 



Figure 27. A Page contains a tiling of position tags 

The lags are printed in an inlVared absoi'ptive ink thai can he read by ihe pen device. Since 
black ink is IK absorptive, limited functionality can be provided on offset-printed pages 
using black itik on otherwise blank areas t>f the page - for example lo encotle bultiuis. 
Alternatively an invisible infrared ink can be used lo print the position tags ovcv the top of 
a regular page. I lowever. if invisible IK ink is used, care must he taken to ensure that an> 
other primed information on the page is printed in infrared-//t///.v/>f//v/// CMY ink, for 
black ink will obscure the infrared tags. The monochromatic sclicme was chosen to maxi- 
mize ciynamic range in blurry reading environmenis. 

Siin|)le virtual button presses tlon'l specil'ically retiuire invisible ink. lUitions could be vis- 
ibly coded since the real estate is available. Nyperlinks requiie invisible ink. but dtJiTt 
recjuirc nnytliing else fancy. 

Defining ilie lollowing encoding parameters: 



Table 4. Encoding parameters 



parameter 


definition 


typical value 


f> 


virtual page width (inches) 


12 


d 


dot pitch (dots per inch) 


1600 


k 


macrodot width (dots) 


A 
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Table 4. Encoding parameters 



parameter 


definition 


typical value 


b 


regisiration border width (macrodots) 




r 


data redundancy factor 


1 .5 


m 


coordinate precision (bits) 




y 


page id precision (bits) 




s 


tag width (macrodots) 




n 


tags per page^ 




X 


position resolution (points) 





a. per dimension 
the tail widtfi is uiven b\ ; 



(i) 



Given a paiticiilar lag w idtii, the number of tags per page in each dimension is given b\ : 

(2) 



k s 



This in tuin yields the ivc|uired cooixhnatc precision: 



ir 10 billion people all generate 100.000 pages per annum for 1000 years, they will gener- 
ate lO''"^ pages, or apprt \\imatel> 2^'" pages. A page id precisit>n ofG-l bits should tlierel'ore 
be sulTieicni. notwiihsMnchng issues of efficient et^niiguous (>aLi'; if.l j.i local ion. 

Assuming a page id pr.'cision of 64 bits, and other parameters as giveti in fable 4. the 
ecjuations converge on a rag si/e of 17 macrodots. 2K3 tags- per page dimension, and a 
coorchnaie preeisiDU of V l^iis. We round to 10 bits for fulnre-proul lag. 

Ciiven a [^articular lag \^ idlh. the position resolution is given by:. 
l>Aks 



f4) 



and. in poinLs, is gix'cn iiv: 

■Iks 



: iiis yields a posit ioti lesohil ioiMif points ( I .OSnun at I 600 Jpi ). 

A!;iga/.ine-t|nalily printed text noiinally has a si/.e of I (J points. It>rnis ll I led in b\ hand 
Mojin;tli>- allow for Ikm ld^^■ritlen text with a si/.e of aliout 20 points. A position resohninr of 

points therefore Irarj^laies to a character-oriented lesolirtion of Tv.V I for* pr inted text ; 
6.6; I for handwriting recognition. This position resolution can be increased to the 2{H) v 
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tvt|iiiivcl lor IkmkIw riling rccogiiiiitin b\ iiikiny mmo accoiini iho fio>iiii»n ot ilic wilhin 
ihc capim ctl image area, 

Wiih a pDsilion lag size ol" I 7 niacititlDls. and 4 1600 dpi dots per niaerodoi. il'.e raw posi- 
tion lau gives 24 positions per itich. Consequent ly any posilioning selienie nuisi achieve 
10 limes belter resolution based on tag position within the sensed image, tiU ele. 

16.1 Position Tag Structure 

liach position tag encodes the following information: 



Table 5. Data Encoded in a Position Tag 



Name 


#Bite 


Description 


Pageld 


64 


Defines the Netpage page instance id 


X 


10 


Defines the X coordinate within the given Pageld 


Y 


10 


Defines the Y coordinate within the given Pageld 


LightEnable 


1 


Defines whether the pen should turn its light on while over 
the tag 


ContinuousPressure 


1 


Determines whether the pen should return continuous 
pressure or not while over the tag. 

0 = don't return pressure readings. 

1 = return pressure readings 


Reserved 


4 


For future use. Store as 0 for this version. 


TOTAL 


90 





lEach position tag is a 17x17 array of macrodots. with each macrodot being a 4x4 square 
of 1600dpi dots, as shown Figure 28. 




Figure 28. Macrodots in a Position Tag 

Since the dots aie numochiome IK absoiplive dots are prinied on a ntin-absorplive back- 
ground a "black macrodot" is physically dilTerent from a "while macrodot". I'igurc 29 
illustrates a magnified view of macrodots. 
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Black and Black macrodot 

white macrodots surrounded by white 



White macrodot 
surrounded by black 



Figure 29; Magnified Macrodots 



Tiie position lag structure is based on concepts used in the Aztec 2D Barcode [98] 
(invented by Andy Longacre of Welch Allyn Inc. in 1995, and is in the public domain). 
While the position tag uses the same bulTs-eye structure mechanism from the Small Aztec 
Symbol for symbol location and orientation, we define our own interpretation for the 
mode bits and do not allow variable length structures, in addition, the position tag is a 
17xj7 array, which is not possible in a pure Aztec code. 

Figure 30 shows the high level structure of a position tag in relation to its 17x1 7 macrodot 
array. The target/orientation area consists of a 5 level bulTs-eye with 3-bit orientation 
markers on the outer comers. The fonnat of this area is identical to that used in the Small 
.Aztec Barcode although it is placed off-center. The Mode Data Area is the area bet\seen 
the orientation markers in what would have otherwise been the 6th level of the bulTs-eve 
target. The remaining area is used to hold the actual data for the position tag. 
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Figure 30. High Level Structure of a Position 
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16.1,1 Target and Orientation Area 



The mrgcj aiul oricnuuion ;irc:i is :i llxc*.! paltcrn as slun\n in l-'iLiuiL' t. Tlu; rorniai ot ihis 
area is itlcniical it> ihai used in ihc Sniall A/tec liarcoclc. 




Orientation Markers 
Top Left 



Top Right 
j~| Lower Left 
Lower Right 



Figure 31. Target and Orientation Area 

The black positions in are black niacrodots, and the white positions are white macrodots. 
The 5 level biiirs-eye pattern is easily round in a 2D image by scans for topological con- 
nectivity, then useful for pinpointing the exact center regardless of orientation and for 
determining the main axes and local X-Y dimensions. On the foiu* corners of the target are 
3-bit clusters oT orientation bits, which allow the tag s orientation (and even possible mir- 
ror imaging) to be quickly determined. 



16.1.2 Mode Data Area 



fhe bits in the layer immediately adjoinitig the target (other than the orientation bits) com- 
prise a 2tS-bit siring, starling upper left and circling clockwise. This area is known as the 
Mode Data Area. The relative position of the 28 Mode Data bits can be seen in Figure 32. 



Mode Data bit 0 



Mode Data bit 27 



Targel/O.rientaiion Area 



Figure 32. Mode Data Area 

The 28-bit string is encoded meta-in formation used to decode the lemainder ol" the posi- 
lit>n lag. < )f particular note is the llrsi bit of the mcla information. If this bii is 0. theit the 
decoding of the data area is as described here. Selling this bit io 1 alU)\\s (or redefinition 
of ihe position lags al some later" ilale while remaining comj^aiible \\ iih existing pages, 
fhe meta information and its encoding lo 28 bits is described in Section 10.2.1. 



16.1.3 Data Area 



When the lirsi bit of lite meta infoiination decoded from the Mode Data Area is 0. ihen the 
data area is dcHned lo be the 168 hiis as shown in I'iuure 30. 



The encoded message daia is placet! onto the lag in 2-cell high lax eis. siariing at the uppei' 
lefi and spiraling clockwise out lo (he edge of the symbol. The data is therefore itiierpreteil 
as a sequence ot* related "dominos". each I wide and 2 tall, wiih tlieii" more significatil bii 
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jtways t'lirihcr iVoin the t;ii'::ci ;u"ca (a hhick iiuicrotlot rcpicsonis a ""!"" hit. and a \\!nu; 
iiiacrocUx rcpicscnis a "O" hii). I'iguic M) il liisiraics ilu; scciiicncc ami oi iciiiation ol" ihc 
Jotiiinos \shcM turnirui ihc conicis in liic daia area. 



Figure 33. Domino Mapping and Sequencing of Data Area 

The systematic doin i no-based layout {>f the data siniplilles botli encoding and decoding at 
the grapliical level. The encoding mechanism tor the data is described in Section 16.2.2, 
although it is worth noting here that decoding errors and tag damage are expected to occur 
more towards the edges of die lag. 

Note that the 17x17 structure of the position tag means thai with reference to the strict 
Aztec Code, the first layer ot'data is complete, but the second layei- of data is only half 
fidl. If the second layer was completely full the [)osition tag woidd be a 19x19 square cell 
with the taiget area in the center 

16.2 Position Tag Encoding 

16.2.1 The Mode Message 

The 2<S-l^!i string in the Mode .-Xrea is used lo ht>lcl S mt>de bits, fhcst; K mode hits descril^e 
how die remainder of ihe fM>silion lag bits were encoded. 

file 8 mode bits are encoded ijito 2<S bils via Reed Solomon I'aicodiiig. "t he Mode Area 
therefore holds the 8 mode hits and 20 additional check bits. 'Hie 8 mode bits are parsed 
into two 4-bit words, and then .*> additional check words are computed by systematic 
Keed-Solomon encoding over die Galois Held GF(16) based on a prime modulus polyno- 
mial of: .v' + .\ + I (-"19 decimal), fhe generator polynomial of (.v-2 ' )..(.v-2'^) is: 
.v ' -\' 1 1 .\ ' -i- 4.v~ (\\ -I- 2 

Keed-SoU^mon eiic(Hling was chosen for iis ability to deal with burst errois and effectivelv 
detect and correct errors using a niinimuin of redundancy. Keed .Solomon encoding is ade- 
quately discussed in |99|^ |S2|. and |55j. flic reader is advised lit refer lo ihose sources Ibr 
background infortnation. 

■fable 6 shows the inicrpreiatioii of the mode bits. Note that the first bit of the mode data is 
a version bit. and determines ihe interpretatic^n of the remainder of tfie nuKle bits and the 
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Uiii cLiia. riic \"oi-r;ioii hi! sluntld ihcivrorc Ik* sol it» o. l .:iKr inicrpivi;ii ii>M- ;hc cit: c:ui he 
tlcilncti :U n kiicr tkiic \ ia llic version hil. 



Table 6. Interpretatior* of Mode Bits 



#Bits 


Name 


Description 


0 


Version 


0 = tlie interpretalton of the reniaininc) 7 bits and the data area is 
as described in this document 

1 = for future use 


1-2 


NumMsg Words 


Defines how many 6-bit codewords of the data area are message 
codewords, and how many are check-word codewords. This num- 
ber is determined by the encoding scheme used for data (see 
Section 16.2.2). Values are: 

00 = 15 data message codewords 

01 = 16 data message codewords 
10 = 17 data message codewords 
11=18 data message codev»^ords 


3-7 


Reserved 


0 



16.2.2 The Data Message 

The Data Area contains 168 raw bits, whicli is an cncotlcci Ibrm ol'ihc 90 bits of position 
laLL data (sec Table 5). The 168 bits are represenicci by 104 bits in the tlrst layer surround- 
inu the target area and 64 bits in'llie layer lialf\surrounding the Urst. 

I'hc 90 bits of position tag data are encoded into 168 bits using two steps. The first step is 
to break the 90 bits into codewords ol"6 bits such that there are no codewords with all Os or 
all Is. The second step is to Reed-Solonion encode the data over the Galois field GF(64). 
which generates additional 6-bit check words. 

16.2.2.1 Step 1: Message Encoding 

In ilic llrsi step oT message enct)ding. ihc ')() dai:: liiiN lait! inio a Nccrjence nvj^- 
sage codewords in a generallv direct Tashion. siariing ai liie most significant bit ot'ihe lirs: 
codeword, with two key exceptions: 

• Whenever the llrsi 5 liiis placed in a codeword are all "0' s. tiien a dunnn\- ' i " is 
inserted into that codeword's l.SU and the lollox'.ing message bit starts olT the ne.\i 
codeword. 

• Whenever the first 5 bits placed in a codeword are all " T's. tlien a diiinniy "O" is 
inserted into that codeword's LSU and the tollowing message bit starts oil" the nex'. 
codeword. 

In the eruk the character and byte boundaries in the original 9()-bit message have no neces- 
sar\ relationship wiih the codeword boundaries, lip to ? bits ma> remain unlilled in the 
Unal message codeword, and lhe\- are to be padded out \\ itit (and possibl> a tinal 

dummy "0" ifneccssaiy) to eliminate any ambiguity. 

The code-lorming rules are designed to never cieaie a fnrs,sit\;c c<Klevv'oi'd ot all Os or all 
Is. but the error encoding adds on adtlitional codewords ol anv \ alue. Thus during tIectHi- 
ini:. an (iccurrencc of (hose illegal \alvies within ihe message region (but tKi/ \\ ilhin the 
check region) can be regardeii as a correctable ci ti\nrc (ihi!, is more uselul than not ktu)\v 
ing which code\vor{l is in error). 
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In llic c;l^c ol our '-'O-hii di iiiiiuil nicss;iL;cs. ihciv arc iwo i.\isc> lo Lt-nsicii:!-: 

» ihc /u'a7 case is lliai 1 ^ code \v orcIs arc Licncrakxt to:- tlic claia incssaiic 
« llic \inr\/ case is ilial IS cotie wortis are ueneiatetl i\n- ihe ilaia message 

The c{)cle\v()rcl hasecl message ihererore consiinies /.) 6-bii ecHiew-'orcis. where I) is in ili 
range ! 5 - i 8. 



16.2.2.2 Step 2: Generate Check Words 

riie second siep ol 'message encoding involves generating ihe check words lor the daia 
message. Since die data message consumes between \> and 18 6Ayn oi^the 28 available 
codewords, the remaining 13 to 10 codewords can be used for check words. 

[ he K additional check words are computed by sysiemaiic Keed-Solomon encoding over 
the Galois Meld CjF(64) based on a prime modulus poiynomiai of: a^'4-,v+ 1 (=67 deci- 
mal). The generator polynomial is simply expanded otit to (.v-2 ' )..(a--2^) as needed at the 
time of priming. The check words are not adjusted in die same way as the message bits are 
adjusted. 



16.2.2.3 Step 3: Place into Data Area 

The final message to be stored in the data area oTa position tag consists of 28 6-bit code- 
woixls made up ofO message codewords followed by K check codewords. The exact ntim- 
ber of message codewords, D, is stored into the 2-bit Num Msg Words component of the 
Mode information lor the position tag. 

fhe resulting sequence of codewords is j)arsed anew into a secitience of 2-bit dominos (see 
Figure 34) and is then taken in reverse order and graphically laid spiralling clockwise and 

omward through the data area (see Figure 33). As decoding errors and tag damage are 
cx|.iected to occtn- more towards the edges of the lag. by reversing the ct)deword secjuence. 
die message co^^iew ort^ls occuj jy those edge reg ioii.N. 



-bit ccdo^vorcJ 



MSB 



LSB 

Tfl 



1 -1 


1 


0 






T 



3 2-bii cicnitnos 



Figure 34, Relationship of 6-bit codeword to generated dominos 

One macrodot is placed into the data area per bit. Fhe placement of an IK absorptive ink 
macrodol represents a " F'. If there is no Ik absorptive ink placed on the page at the partic- 
ular location, then that macrodol represents a ""O". 
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17 in-Pen Processing 

The pen nuisi send lUc appii;iticc 100 samples \)ci secoiu!. I he MieelKiiiisin Tor ivndin;: 
pnsiii(>n:il iiil\>inuuion IVdmi ilio pt>siui>n i:ius must work ai this H»0 11/ rale. The lullowin^: 
uisks nuisi he pertornied eaeli sample; 

• C apiure lime, lilt aiul pressure 
*» Capture the image 

• l^ocatc ihc position tag 

• rj)ccode the position lag 

• Uuild slroke information 

• Aetivaie ilic liglit as required 

• IZnciypi ihe stroke data 

• IVansiiiit ihe enctyptcd data 

When a pen down is registered, we capture the Urst three frames at the two extreme locus 
values and the middle focus value. After that we perform regular auio focus based on a 
sliarpnes-s metric. In this wa\' we are more likely to capture a "single-click " event. 

While the pen is iti range of the receiver unit, partially completed strokes are transmiited 
as they are being formed. Wheti the pen moves out oi' range, stroke information is bufiered 
within the pen (approximately 12 minutes of pen motion while physically on the pagc). 
and transmitted later. 

Bich pen contains a characteristics block which can be read by the appliance. It contains at 
least the information shown in fable 7: 



Table 7. Pen Characteristics Block 



Name 


Description 


Penid 


A unique pen identifier - unique across 3\\ pens 


Modelld 


The model number of this pen'' 


Manufactureld 


The manufaciurer of this pen 


Tiltlnfo 


The relationship between tilt and pen position 



a. This can be combined with Manufactureld to allow the appliarice to download a set of 
pen characteristics. However it may be more convenient to store the characteristics 
(such as Tiltlnfo) in the pen for convenience 

17.1 Position Tag Decoding 

17.1.1 Capture Time, Tilt and Pressure 

Ihe pen contains a numbei" of sensors, inclutling cinient piessure aiul till. 

17.1.1.1 Time 

All measurements are made in the context of a particular time stamp, fhe pen contains a 
timer to enable eciiially tinie-spacetl measinements to be made. Although we capture sam- 
ples at a rale of 1()0 pei" second, we repoit time at the millisecond resolution to allo\^ !t>r 
fuliMV improvements to the pen. l ime resolution is providetl at ?>2 bits. 



23 May 1999 



35 



pf elinnr.ary vO 



17.1.1.2 Tilt 

The pen coiilains 2 lill sensors - cacli one di!\:cll> nicnstucs nil Ibr a ;:ivon axis \\iih a res- 
olution accufacv' to at least 5 hits. 

l ill is jec]LiiiecI tt> clclei-niine ihe nih position. The a|.-)pliance uses the two lilt values anti the 
p/eu's non-eorreciecl pen |:>osilit>n lo Jclerniine the aeiual pen nih position. The l-en Chat- 
aeteristics l.ilock eonlains liie relationship required lor the ealculalion. OrtloacliiiLi (he eor- 
reelion calculation to the appliance reduces pen complex it \ and price. 

17.1.1.3 Pressure 

The pen contains a pressure sensor whicli measures to an accuracy ol'at least 3 bits, i'roni 
the peiTs point of view, the pressure value is onl\* used to dciermine whether the pen is on 
the paper or not. I^ie appliance is responsible for all other interpretations of pressure, such 
as determining whether an item on a page is being selected. The pen merely passes the 
pressure vahie on to the appliance. 

Each position tag contains a data bit called ContinuousPressure. IT a given pen stroke 
includes position tags that have their ContinuousPressure bit set, then the pressure value is 
passed as part of the stroke inlbrmation. if the ContinuousPressure is clear, then pressure is 
implied from a stroke in terms of pen-down and pen-tip. 

17.1.2 Capture the Image 

The image needs to be captured for the pen position to be determined. ITis only needs to 
happen if the pen is on the page. If the pen is not on the page then capturing an image will 
be a waste of" time. 

To capture an image, data must be transferred from the image sensor to a fixed image 
buffer. Tliis process involves a single read and write per pixel. The minimtmi and maxi- 
mum values encountered dtu ing the tiansjbr aie kepi in vartaL^les MinPixelEncountered and 
iViaxPixelEncountered res),>ecii vel\ foi" talei use in ilie (.kua I'ccow.vv process (see Secii^jn 
1 7. 1 .4 on page ^)2). 

i here are a number of Lienera! considerations thai are pai i nf the a^^umplions foi- re:i':!i!v.i 
in and decoding a position lag iVom an image sensor. 

Willi regards to the image sensor itself, theie are two calculations to consider: 

• sensed area calculation 

• image sensor calcidalion 

In sinnmary. the CMOS image sensor nuist lie able to sense 96x96 pixels over a :T().-Smni x 
.""vOSmm area, fhis implies an <S()()dpi sensor. 

I in a My. the sensed image will be blurrv. 

A 96x96 image contains 9.2 16 8-bit pixels. We rounding up to I 0.000 pixels for conveti- 
mience. The transfer prt)ce.ss involves on average 6.5 c>ctes per i.")ixel for a total t)f 63.000 
cycles per position sample. On a 25 Mi l/, processor this represents 26% of the available 
handwitlth. 
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17,1/2,1 Sensed Area 

lliL" hiisic posilioiKil is I 7x17 iniicrtniois. Since cMch in;!cri>tUtl is ;i Ax-] arra\ ofpriiiKxt 
(.lixs, each nKicn>tlt>i is \i\ tiici 6,Sk()S primcti Jni.s. 

'\'o saiisiy Nv't|iiisrs ThctuciiK the sensor nutsi he able lo see ai least 2 lay.s. Iflhe senstir is 
only laiiJLC enough lo see a sin^ilc lag. ii is nios! Iikel\ lo see \wn (>t' one lag and pari (iT 
aiiolher. My heinu w itic enough [o see l\\'o lags w e guarantee heing able lo see ai least one 
conipieie lag. This requireinenl increases the sensetl doi lUva lo 136x136. 

r-ituitly. since ihe pen nuisi dcicci positional tags at an> rotation, \vc nuisi ct)nsicler the 
worst case roiaiion of 45 degrees. This retiuirenient increases the sensed clot area to 
192x102. 

At a primed del size of 1600 dpi. the image sensoi" must sense a primed area comaining 
192x192 dels, which equates lo 3.05mm (0.12 inches) in each dimension. 

17.1.2.2 Image Sensor Resolution 

The basic positional tag is 17x17 macrodois. This equates to a basic sensor resolution of 
1 7x1 7 pixels. 

To satisfy Nyquisi\s Theorem with respect lo the positional tags, the sensor must be able to 
see al least 2 lags. Il'ilie sensor is only large enough to see a single lag, it is most likely lo 
see pan of one tag and part of another. By being wide enough to see two tags we guarantee 
being able to sec al least one complete tag. This requirement increases the sensor resolu- 
tion to 34x34. 

Since the pen must delect positional lags at any rtMation, we must consider ihe worst case 
rotation of 45 degrees. This requirement increases the sensor resolution to 48x48. 

l-*inall\; to satisly Nv qmst's I heorem \\ ilh lesjx'ct ii> niacrodots. we must oversample at 
least al double the niacrodot resolulitMi. This leads u> a sensor resoluliort oi' 96x96. 

Lach sampled pixel is I byte (8 bits). VVe must also, a.ssiime the lowest 2 bits of each pixel 
can coniain noise. Dccoeiing atgorilhm> mtist liiL-r-jfiire he noise loieranl. 

17.1.2.3 Blurry Image 

Blurring is introduced into the sensed image in the following ways: 

• Natmal blurring due to nature of the scjisor's distance from the page (focus) 

• Variable blurring over the image (.Uie to pen till 

• Wiirping of the page 

Natur;d blurring of an image occurs because it is sensed t>ui of locus. C*onsec|ueni 1\ there 
is overlap of sensed data in ihe area sensors. Blurring is useful, as the overlap ensures 
there are no higli frcciuencies in the sensed data, and that there is no data missed by the 
sensor. I lowever if the area covered by a sensor pixel^ is too large, there will be too much 
bluiring and the sanqiling reqmred to recover the tlaia \\ ill not be met. 

fhe Seconal form of blurring occurs because the pen has a varied till. Because ol the pen's 
till, part of the imai:c will be in focus, w hile another pari will lie slightly oul of focus. Tlu: 
more pronounced the lilt the greater the focus difference from one part of the image and 
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;imtthci-. I he sensor Iciis is spoci dcailv cicsii.mccl lo iniiiiini/.c ihc Liirtcrciiccs in IMun'iii'.i 
itcross the iiiinLic. hiii ii will si ill ho ihct c. 

riic uihcr loirn orbluri inu occurs when ;i p;k>e is slij^hilv warpetl. When the warpinii is in 
(he vertical dimension, the distance between the page and the sensor will not he constant, 
and the level orhliirrini: will vary across llu^se areas. 

iVlont)chrome dots (IK rdlective and non-IK rellective) were chosen for the lags lo izive 
the best dynamic range in bhiiTv reading en vironnients. BlLirring can cause problems in 
attempting lo determine whether a given dot is "black^^ or "white". Mgure 35 shows the 
elTeet of blurring on a position tag composed of macrodots. from no blurring lo severe 
blurring. Notice how isolated niacrodois disappear as tfie blurring becomes more severe. 




No blurring 



Severe blurring 

Figure 35. Effect of Different Levels of Blurring 

As the blurring increases, the moie a given niacrodot is inlluenced b\ the surrounding 
macrodots. Consequently the dynamic range lor a particular niacrodot decreases. Consider 
a "white" macaHlot and a "■I:»tack*" niaerodof. each sui rounded by al! possible sets of mac- 
rodots. rhe 9 macrodols are blui red. and the center niacrodot sampled. I-igure 36 shows 
the distribution of resultant eenter niacrodot pi.xel values tor black and white macrodots. 



Figure 36. Generalized blurring curve 
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l iutiiv }h i.s ini-jiulcil lo he ;i i cpiv.SLMl;iii\ j himrinu- I'lic ctir\c iVom \r,\c\ v;ilik'> U-IKd 
shows (he ranuL' ofhlack niacnKiois. I he cwwc from pixel vahics 1>'2^0 shows ihe nitmc 
of while iii:teriH!n(>. Hi>\\e\er the i^^teaiei ihe l^hiiriiig. ihe more the iwo ctirxes sfiili 
n>warc!s ihe eeiuer of ihe raiiLie aiul iherelbre the iireatcr ihe inierseeiion area, whieh 
means llie more cliftleiih ii is lo determine wlieiher a t:iven macrodoi is black or white. A 
pixel vahie ai the center poitii of inieisection is amhiLiiJoiis - the niacrocioi is e<:|tiall\ likeK 
lo lie black t)r white. 

As (he blurring increases, the likeliluiod of a read bit error increases. l-oniinately. the 
Keed-Solomon decoding algorithm can cope with these graccliilly up to / symbol errors, 
l-igiirc 37 shows the predicted number of Kecd-Solomon codewords that cannot be recov- 
ered given a particular symbol error rate. Notice how the Reed-Solomon decoding scheme 
performs well and then substantially degrades. If there is no Reed-Solomon block duplica- 
tion, then only I codcw(Md needs to be in error for the data to be unrecoverable. Of com se. 
with the inclusion of erasure detection (via invalid codewords), the chance of correctly 
decoding the data increases. 



i^igure 37. Relationship between data non-recoven/ and codeword error rate 

l-igure M onix links codew(Hd cnnv^ to die total ninnber of Reed-Solomon codeu'ords in 
cirot: There is a trade-off between the amount of blurring thaTcan be co[K'd with, com- 
pared lo the amount of damage that has been done to a card. Since all error detection and 
correction is performed by a Reed-Solomon decoder, there is a Unite number of errors per 
Reed-Solomon data block that can be coped with. I he more errors introduced ihrouuh 
blurring, the fewer the number of errors that can be coped with due to pane damaiie. 

17.1.3 Locate the Position Tag 

Ihe captured image is a ')(y:<^)(y pixel map of <S-bii samples. Uefore an\ position infonna- 
iion can be decoded, the position tag must be located within the image. Note that the tail 
can have any orientation. 

fhe llrst step in locating the tag is to locale a bulfs-eye target (figure 3 I ) within the 
nnage. Since we are imaging a wider area than a single lag il is possible that two targets tie 
\\ ilhin the image area. 

Since an entire lag must be C(Hnplelel> contained uithiii the image, the data area outside 
the target nmsi be visible. As a result, the area of interest for locating taniets is acluallv a 
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subset v)i [lie \s iioic iiiiauc. Mislead (»!" scai-chiiiu a imkilic. \s c ow'w iu:cc1 se;ircli an 

NSx<SS iniaj:c (a rcdiici itm o\' l iVoni 92 16 samples [o 7744). 
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Entire image 
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Figure 38, Area of Interest for Target Location 

^I he 5 level buirs-eye pattern oflhc target is easily tbiind in a 2D image by scans lor topo- 
logical connectivity, then useful for pinpointing ihe exact center regardless of orieniai ion 
and for determining the main axes and local X-Y dimensions. 

17.1.3.1 Scan for Topological Connectivity 

Prior to image traversal we initialize an 88x88 array of Mags with 0. This array keeps the 
visited status of the corresponding pixel in the image. If the Hag is 0 we have not yet vis- 
ited the pixel. If it is I or 2. then we have visited the pixel and bit I of the Hag contains the 
sense of the bit ( 1 for black, 0 for white). 

VVc then start with the top left pixel and compare adjaceni pixels in order to build a con- 
iiectiviiv structure for the top left pixel. li the top left pixel is consiclerecl to be white, ihen 
the connectivit\ structure will represent all connectetl [pixels that are also white. If ihc lop 
pixel is considered to be black, then the connectivii\ structure will rei^resent all connected 
pixels that are also black. As edges are met due lo differences in color sense, adjacent con- 
nectivity structures aie l>uill. 

Ihe o\\\c\- of pixel tiaversal in the image simply follows a stiindard pixel till alm)riilim. 

fhere are many such algorithms to be found since this is a useful t)peratioji for [xiint pro- 
grams. Near-oiMimal algorithms such as |;29| and \M\ nn\y read each pixel once on aver- 
age. 

In our case we must also consider* ilie tU)iion of coUn* sense. Target location does not 
retiurre the sophistication of tiie macr-odoi reading algorithm for mode bits and data bits 
lor deierrnining if a macrodot is black or white (Section 17.1.4.2 and Section 17.1.1.4). 
file minimum and maximum pixels encounieied during the image capture wcil- sioiet.l in 
MinPixelEncountered and MaxPixelEncountered respectively, and these are used to set the 
threshold for hlack/w4iite as MidRange ^- (MinPixelEncountered MaxPixelEncoumered)/2. 
Anything giealer than or et|ual to MidRange is consider'ed to be white, and anythiuLi less 
than MidRange is cor)sidered lo be black. 

As each connectivity siriiciures is completecL it is compared against llie expected values 
toi llie > buiTs-eye lavers surrounding the target center. Possible matches are added to one 
list, while nt>ri- mate lies ate discarded. 
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The toial liiiic t:ikon tor proccssiiiv: the iiii:ii:c is iipf-iroximateK' 6 c\xlcs |>cr sample pixel. 
This cquaics lo 46.464 l\cIcn (>:SxXK-<6). ov h)'*^ of the available processor bandu iJih. 

? 7,1.3.2 Deterrvine Target Axes 

rtie conncciiviiv striiciiires ean now l:)e exaininccl together in ortier to locate the uirgei. 
The itleniitlcaiion of 2 or more coticeniric structures is eiiough to eleiermine the X V iixes. 

Taking one ot the compieiely isolated concentric structures, 2 points on each of the 4 sides 
are cliosen where the distance separating iheni is ai least 3 pixels. For each point, the pixel 
ot maxinnim whiteness or maximum blackness is chosen as the estimate of the center of 
the litie. The estimate should be within I pixel of the actual center. 

The process of building a more accurate position for the line center involves reconstruct- 
ing the continuous signal for 7 scanline slices of the line, 3 to either side of the estimated 
center. The 7 maxinuim values found (one for each of these pixel dimension slices) are 
then used to reconstruct a continuous signal in the column dimension and thus to locate 
the maximum value in that dimension. 



' / Given estimates column and pi::el, dece ermine a 

/ ■ betcerColumn and bee cer Pi :-:e 1 as the center ot the target 

for (y=0; y<7; y++) 

for {>: = 0; x<7; + 

samples [x] = GetPixel (column -3+ y, pixel-3+x) 
Fi ndMax ( samples , pos, maxVaiJ 
reSampies[y] = maxVai 
if (y == 3) 

betterPixel = pos + pixel 

} 

~ : ndi-ax ( reSamp les , pos, maxVal 
bet terCoiumn = pos f coiumn 



FindMax is a function that reconstructs the original 1 dimensional signal based sample 
points and returns the position of the maximum as well as the maximum value found, 'fhe 
method of signal reconsii'uciion resampling used is the Lanczos3 windowed sine function 
.(see pages 157/158 in [96]). fhe fimction and kernel are shown in Figure 30: 




Figure 39. Lanczos3 windowed sine function 

The l.anc7-Os3 windowed sine function takes 7 (pixel) samples from the dimension being 
reconstructed, centered around the estimated posit ioti X, i.e. at X-3, X-2, X-I. X, X j- L 
X '2. X?3. We reconstruct points from X-I to X^L each at an interval of 0.1. and deter- 
mine which point is the maximum. The position that is the maximum value becomes the 
iie\\ center. Due to tlie nature ol'lhe kernel, we onl\* recjuire 6 entries in the eonvolutittn 
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kernel for points hciwccn X :incl XI, Uv ii>c 0 poinis lor X- I in X. aiui 6 points lor X In 
X ^ I . rcquirinu 7 poitits ovci-;ill ni order lo lici pi\ol v;iltu;s from X-l lo X ■ i since some oT 
tlie pixels ret|uirccl are ihe same. 

iwo aecmale [K>silions on each of 2 sides ofifie isolaietl Iniirs-eve layer -ive ihe X and Y 
axes directly. Using 4 sides allows an average Ime to he calcniaied (simply the avera-e oC 
the two lines bu'\\\ IVom opi.-)osite sides). 

rhe distance from the center ofone biiirs-eye layer macrodot line to the center ofthe next 
biiir.s-eyc layer's macrodot line gives the distance between niacrodots in terms ot a AX 
and a AY witli respect to the current orientation of the nna.ue. 

17,1.3,3 Determine Target Center 

In order to locate the actual center of the target there are two cases to consider. 

• The center of the target is one of the connectivity strucliires 

• The center of the target is nof one of the connectiviiv strtjctin-es 

in the first case, we choose the blackest pixel of the estimated target center, which should 
be within I pixel of the actual center. The process of building a more accurate position lor 
the target center involves reconstructing the continuous signal tbr 7 scanline slices of rhe 
target, 3 lo either side ofthe estimated target center. The 7 maximum values found (one for 
each of these pixel dimension slices) are then used lo reconstruct a continuous si-nal in 
the column dimension and thus to locate the maximum value in that dimension, 'fhe pro- 
cess is the same as described in Section 17.1.3.2 and uses the same filter as shown in [-^i*.- 
ure 39. 

if there is no current estimation for the center, the center is considered to be the calculated 
center ofthe fbrn- lines used in the calculalion ofthe axes in Section 1 7. 1.3.2. fhis process 
can be repeated for another isolated bidTs-eve lav er and the iwn estimates lor tar-el center 
averaged. If the estimated center pixel is black, a nu^re accurate center can potentialK be 
obtained bv following the procedure dellned for the first case. However care must be 
taken sitice this pixel region is not compleieix- isolaled (dr vvonkl have been, a larLiel 

estunate m the coimectivuy structures), ft may be encnigh to increase the accuracv tn only 
one tlimensioii. 

17.1.4 Decode the Position Tag 

With Ihe position ofthe tag known, the task of decoding it can begin. Decoding a posi- 
tional tag consists of 3 essential stci-ts: 

• Determinitig the orientation ofthe lag 

• l-xtraciing the tag's mode data and decodmg h 

*' I :xlraciing and decoding the data portion of the tag basetl on the mt)de data 

1 7.1.4. 1 Determine Orientation 

On the four corners ofthe target are 3-bit clusters of orientation bits, which allow Ihe tau's 
orientation (and even possible mirror imaging) to be quickly determined. 

Using the AX and AY values (obtained in Section 17.1.3.2). and applying ihem to the 
accurate target center coordinate (obtained in Section 17.1.3.3). we are abfe to calculate 
Ihe estimated positions ofthe I 2 orieiu'alion inacrodots. 



M;)v ng*'! 



fiiK'erbroGk Research Notpage Sysioui Design Oescnpiion pielimuiary vO i 



ihc !iKici"oiU>i HHMtiiiKii': (flxctl jioini) \vc s;imp!c 1 iiiKiiic pi\.'l> lo iin ivi- ai :i cciiii;i- 
jiixc! valiK* viii bilinear iiiicriH^lali(>n. 

Once ilic CLiHci p\\c\ \ aluc has been dclcnnincLl. \vc liy u> Jcicnninc llic hil value Ibi thai 
niacrodoi. lo do so. we lake ihe pixel values represciiiinu the nuicrodoi eeiueis lo eilliei' 
side of the nuierodol whose hil value is being deienn iiied. and aiienipt to inielliuenth 
guess the value ol" ihat eenler inaciiHlot's bit value. Looking ai ihe t:enerali/cd l)Iurrtn- 
curve again (reproduced in Kigtne 40 IVoni Tigure 36). but' with BlackMnx and WhiteMin 
shown, there are three et>niinon cases lo consider: 



Figure 40. Generalized blurring curve 

• The niacrodot's center pixel value is lower than WhiteMin, and is therefore dcilniielv a 
black inacrodot. The bit value is therefore definitely I. 

• The niacrodol's center pixel value is higher than BlackMax, and is therefore deHnitelv a 
white inacrodot. The bit value is therefore definitely 0. 

• The macrodot's center pixel value is somewhere between BiackMax and WhiteMin. The 
inacrodot may be black, and it may be white. I he value for the bit is therefore in ques- 
ti(Mi. A number t>f schemes can be devised to make a !eas<.inable guess as io the value 
of the bit. I liese .schemes must balance complexity against accuracy, and also take into 
account the fact thai in some cases, there is no guaranteed solution. In those case.s 
where we make a wrong bit decision, the bit will he in enow and must be corrected b\ 
some other means (in the case of orientatit)n bits, the other corners may help, atitl in 
the case of the tag's data, the Reed-Solomon decoding stage will correct errors). 

Before the data can be extracted from the data area, the pixel ranges for "black" and white 
dots needs to be ascertained. The minimum and maximum pixels encountered during the 
search for the lag were stored in MinPixelEncountered and MaxPixelEncountered rcspcctivclv. 
The following pseudocode shows the method of obtaining good values for WhiteMin and 
BiackMax based on the min & max pixels encountered. 



HidKrtJiige (l^inPixel + MaxPixcl) / 2 
WJi i ! . i n f-ui :■: P i ;<e 1 - Pnnf.nnn i . i n r Wh i ! i - !-'. tf *i o r 
I tH;kM,j:-: I-i i j i IM • ! i Pv>i i-'.'on.'i LtUi lB Ui« :i: K. ic i.o : 



Ihe .scheme used to tielermine a macrodot's value il the pixel value i.s beiween BiackMax 
and WhiteMin is fairly simple, but gives good results. Il uses the pixel values of the macro- 
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clo[ CLMiicrs lo [he ictl ;iiul r!;:ii! t^I'llic Jt;t in qucsiii>n. usifiij. ihoir \;iliics to liclp Jcicfniim.' 
a more likely value \o\' the eemei" cioi: 

<► ll'lhc two niacrocidls io either side are on the w hile sitic of MidRange (ati averai:e iiuic- 
rodot value), then we can uuess itiai ifUie center niacrocku wcie white, it would likelv' 
be a "deniiilc" white. The laci that ii is in tlie noi-sure reizioii would incheale that the 
inaci-odot was black, and liad l)een allected [)y the surrounding white niacrodols lo 
make the value less sure. The niacrodt>i value is iherefbre assumed lo be black, and 
hence the bit value is I . 

*> If the two macrodots to either side are on the black side of MidRange. then we can guess 
that if the center macrodot were black, it wotdd likely be a -dellnite" black, fhe fact 
that it is in the not-sure region would indicate that the niacrodol was while, and had 
been affected by the stnrounding black macrodots to make the value less sure, fhe 
macrodot value is therefore assumed to be white, and hence the bit valtie is 0. 

» If one maci-odot is on the black side of MidRange, and the other macrodol is on the 
white side of MidRange. we simply use the center macrodot value to decide. If ihe cen- 
ter macrodot is on the black side of MidRange. we choose black (bit value I ). Otherwise 
we choose white (bit value 0). 

i he logic is represented by tliis simple pseudocode: 



;:' (pixoi. < Whd.tet^in) / ■ deniiiireiy blac-k 

bi t - 0x01 
:• J. e 

r (pix-:ei > BJ.ackMax) / / de f: i n i i: e i. y whj.te 

i- - 0:-:0 0 

r'{(pr:cv MidRange) c (ne:::: lij ::iRa ; ; . /'/pr:cb bi 

■ bit - 0x01' 



■:0 0 



O:-:0 1. 



from this one can see that using surrounding pixel values can give a good indication of the 
value of the center macrodot's state; The scheme described here only uses the macrodots 
from the same row, but using a single macrodol line history (the previous macrodot line) 
would be straightforward and worth investigating, to see if the added complexity of using 
additiotial neighboring macrodots would give a useful increase in acctiracv. fhis is an 
interesting area for future research. 

We already have the distance between ihe macrodols in terms of a AX and a AY with 
respect to the current orientation of the image. Rather than rotate the image lo transform. 
AX and AY both to I , we siinply change the sense of the AX and AY values based on how 
many sets of 90 degrees it takes for the tag to be oriented so that both I) values are posi- 
tive. The four possible rotations by. 90 deg^rees equate to 4 dif ferent combinations of signs 
(lAX and ±AY). It is therefore trivial Ut iianslaie AX and AY ituo two dellas for move- 
meni hi X and Y: AXx nnd AY^ for movement ol" I macrodot in .\, and AXy and AYy for 
movement of 1 macrodot in Y. 
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Willi ihc 12 orioMUiiitMi hits i>h[:iinLHl. iho Drionctiitin o! il;c can he easily dclei-mined, 
(iivcii ^1 scis of 12 bits, ihc corrcci tiriciiiaiioii is iho one iluii ininiini/cs llic miiiihci- t^t" hiis 
in error, as slunvii in lahlc *S. 



Table 8. The Four Major Orientations of the Position Tag 



12-bit value 


Orientation of tag 


111-011-100-000 


No rotation 


Ori-100-000-111 


Rotated clockwise 90 degrees 


100-000-111-011 


Rotated clockwise 180 degrees 


000-111-011-100 


Rotated clockwise 270 degrees 



17. 1.4.2 Extract the Tag's Mode Raw Data 

With ihc orieiuaiion delennined, the next step is to read the bit pattern represeniinLi the 
Mode bits fVoni the tag. 

\Vc know the coordinate of the tag's target center as [Centerx- Centeryl. We also know the 
orientation of the lag and therefore have AXx and AYy for motion in X. and AXy and AYy 
for movement in Y. These delta values enable us to step along the center of any macrodots. 
By sampling the lag at the 18 mode bit positions (see Figure 32). Consequently the loca- 
tion of the ilrsi few mode bit are: 

• BitO location ^ (Centerx " 5AXx - 5AXy, Centery - 5AYx - 5AYy | 

• Bit1 location = I'BitOx ^- AXx, BitOY'i-AYxl 

• Bit2 location = [BiMx ^ AXx- BitlY-f AYxl 

Given the macrodot coordinate (fixed point) we use the sampling mechanism as described 
in Section I 7. 1 .4. 1 to extract the bit value. 

The extraction of 2S bits will take approxiniate!) I6X e>'cles on a simple microprocessor. 
Assuming a clock speed of 25 Mil/.. 168 cycles per position sample represents less than 
0. 1'^'o of the available processor bandwidth. 

1 7. 1.4.3 Decode the Mode Data 

fhe 28-bil raw bitstream representing the iag\s mode data has be'en read in. It must now be 
decoded into 8 bits of meaningful mode infonnalipn. 

■fhe data is decoded using straightforward Keed-Solomon decoding. One of the advan- 
tages of using Galois rield GI'(I6) is thai a total of only 64 bytes are required for lookup 
tables during the decoding process ( 16 bytes each of power, log. inultipfy and niullipiv 
inverse). 

fhe decotling process of 28 bits to 8 hits will take approximateb. \ .500 cycles on a simple 
nncroprocessor. Assuming a clock speed of 25 MHz. 1.500 cycles per position sample is 
less than 1% of the available processor bandwidth. 

17.1.4.4 Extract the Raw Tag Data * 

Heloie the lag pm/n-r can be read in from the lag iniage. the lag's 8-i>it mi)de ilala 
must be examined, fhe Version bit must be checked lo ensure lhat this tag has a known 
siruclure (see fable 6). If the Version bit is 0. then the lag data structure is ktiown and can 
be reati in lVt>m the image. 
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The !n:ici\)clois rcpicscni iiil: iIk: lag &Mu area aiv i ciui inn> a I^X-l)!! raw hiisiicain aceoix!- 
inu lo ihc locations cicsctihcti in l*iL;uic \Vc use ihu Uili s lai^iLM ccnici- |Centefv. Conteryl 
atul ihc oi-ienta[ion dcha values AX^ aiitl AY;^. AXy and AYv lu calculau: lUc siari posidon. 

The delta values also eiiahle us lo step along ihe eeiitc!- of the data area's niaei'odois. 

The [iroeess of delerni ining ifa given niacrt>dtM is a I or a 0 is the same as"thai eairi^'d oui 
lor rea.dinu die tag's mode hits and orienialion biis (see Section 17. Id.!). A total of I 6.S 
bils is read in from die miage in this way. I'lie exiraclion ol' 168 hits will lake approxi- 
nialely lOOS cycles on a simple micropi-ocessur. Assuming a clock speed ol'25 MM/. I 
cycles per position sample represents 0.4% of die available processor bandwidiii. 

17.1.4.5 Decode the Tag Data 

The 168-bit raw bilstreaiii representing the tag data has been read in. It must now be 
decoded into the Pageld. X and Y coordinates etc. (see Table 5). 

'I'he 28 X 6-bii codeword.^ can be divided into message data eodewtirds and check words. 
Assuming that the Version bit is 0, the 2-bit NemMsgWords field in the Mode area deter- 
mines the number of message data codewords D as 15. 16. 17. or 1<S. The temaining K 
codewords are check codewords. 

I-ach of the D 6-bit message codewords can now be examined to see if ii is all 0*s or alt 
Ts. Any such codeword is illegal (due to the encoding process) and can be consideied to 
have been erased. r:>etertnining that a codeword has been erased increases the error correc- 
tion capabilities of the check bits. 

The data can then i:>e decoded using straightforward Keed-Soloinon decoding. (;)ne of the 
advantages of using Galois Tield Gr(64) is that a total of only 256 b\*tes are required for 
lookup tables during the decoding process (64 bytes each of power, log, multiply and mul- 

t iply ill verse). 

The dectxling process of !6X liils to 90 bils will lake approximate!) l.OtH) cncic.n on a sin' ■ 
pie niicioj^rocessor. Assuming a clock speed t>f 25 Mi l/.. 4.000 c\eies j)er posiiit)n sample 
represents I .()'' n of the available processor bandwidth. 

17.1.5 Build Stroke Information 

The information gained iVom the position is added to the current stroke or is used to start a 
new stroke, fhe detlnition of a new stroke is that the pressure on the pen has passed a 
threshold to determine that the pen is now pressing on the page. 

I-ach sii-oke contains the start time (in milliseconds) followed h\ ihe recoveied pagell) 
and initial position, fhis is tbllowed by a series of positions for l!ie stroke, fhe positions 
are implic(l!>- separated b\ l/()f)th of a second in lime. While the Inst position is alwa\s 
absolute, sulxsetiueni positions are delta encoded or absolute as rec|mred. l-scape codes 
allow compression for a number of unkru)wn positions (liie lag cannot lie found), ihe 
encountering of different pagekis (for example the ini-lial pagelf) is "unknown and lltially a 
page If) is recovered from a tag during the stroke, or it may be (hat the pen crosses from 
one page to another during a stroke), and the encountering of lags with differing Continu- 
ousPressure values, which enable or disable the inclusitMi of a pressure value with each- 
posii ion. 



The following is a definition for a strt>ke: 



prelninnaiv vO 



wtiero : 

Linu^ " 3^' !ii Ls iins Ujned iuniis or ;0O''ih sofoncii 

siio! r '!' ijnc !o bii.s ! ci lu-.: • ■:: !i»00ih so.-v;nd) 

r-'fiij.iid = •>-! bics unsigned 

L-irjCoorci i tici te = 2 x 10 bi unsifjr^eti v reprcsenci.n<*j X Jind Vi 

i moceCoordi nace 2 x 10 biU:? unsjcined fined poinL 7:3 ( iepi.-eseni i-uj X citui Y) 
■ iiac L-oDoL De I ca -- 2 x 0 blLs sicjncd fixed poini: S3:'i i rGpL*e:5en v. L nrj AX anci AY) 
ponOelta ?. :-: 0 bits sicjntfci t" represen i ncj --8.. 7 fvor X and V 
pcnI?i:es3L] re = 5 bits 

LilL = 2 X 5 bits ( represenc i ng 2 i:\ic axes) 
pressureMode = I bit 



The length of a sample position is 66 bits (20 i 20 16 J 10) when the pen coordinate is 
fully clescribcd. and 54 bits (20 s 8 16 i 10) when the pen coordinaie is a delta anioiint. 
Adding Hag bits to specily that there is no escape mode ( 1 bit), we specily 67 and 55 bits 
respectively (approx 7-9 bytes). 

The initial position requires 165 l)iis to dellne (32 64 69). Adding I bit to specily tliai 
the position is known at pen-down, we require 166 bits (approx 21 bytes). 

For a stroke over a single page that lasts 4 seconds, and assuming no read errors, there is 
an initial pen down tbllowcd by 399 deltas. The total stroke length is ihererore 2 L712 bits 
( 166 ■ 399 X 54). which is 2.7 Ul b\ ies. or 6.785 bytes per .sample. 

irpressuie is also captured with each posilion (depending on the value ofthe encountered 
ContinuoiisPressure bits w ilhin eacii lag), a tiirther 5 bits is rec|uircd for each position. The 
l.!scape Code ot" pressureMode alKnvs the loggling ol'this slate wiiliin a stroke. 

The stroke definition copes well with unknown pen locations. If the initial position 
(page Id, coordinates etc.) is unktiown due to the inability to locate a tag or recover tag 
data, the initial position t'oi the stroke is marked as unknown. This initial position may be 
followed by an Escape Code ol'TimeSkip. signifying the amoinit of time where imknown 
positions were captured, [ inally, when a lag is captured and decoded successfully, the 
llscape Code for pagelJ is usetl. fhis pagekl is valid until the next I/^scape Code pageld is 
included in the stroke (inserted when a lag is encountered with a pagekl different to the 
cuirenl known pageld). It a lag cannot be fount! or decoded successfully mid stream within 
a stroke, the Escape Code for TimeSkip is used, which represents the elapsed lime where 
only unknown positions were sampled. An unknown pen posilion does riot change the 
pageld. n lag positions are reacquired, the pagell) may be changed, (.lepending on the lag. 
A Timeskip entry for a set of unknt)wn positions uses I bit for the escape code. 2 bits to 
dellne (he ivpe of escape cocle. and 16 bits to tlellne the cluratton of samples skipped. 

The other use for ihe Escape Code of TimeSkip is when there have been one or more deltas 
ofO. fhe Escape Code of zeroDelta combines with a I6-bil lime amount to specify how long 
ihe pen has remained in the same posilion without moving. 
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Tlic pen coiUiiins O.^iVlIi oT KAiVl lo hulTcr siicMxo nMonuinum hoih diinn- stroke con- 
siniclion ;iiui if ihc pen is oin of range Ih^u llie reLei\er. A O.^MM biilfcr allows lor 
approxMiKiiel:, 1'*-'^ strokes at 4 seconds per stroke, x'.ineli represents more than 12 niuuiie^ 
ol stroke capture. I hc exact dnraiion will depend on ' - . 

w licdiei- ov not continiu)us pressure is hcinii capiured. 



success ol lag decoding, anti 



irUie stroke hulter heconies lull, a I J:i ) is i I hNinnaied. i he I. Id) Slavs illunii- 

naied ujitd ihe pcj) comes into range of a receiver, whereupon i!)e bulVered strokes can he 
transmitted and the hLdfer freed. 



17.1.6 Activate Light 



The position tag data area contains a LightEnabte hit (see "iahle 5). The pen s HotSpot IJd) 
must be enabled directly in response lo the value oTthis bit. There is no additional inter- 
pretation ol'the LighlEnable bit by the pen. 



17.2 Data Encryption 



The data stream must be encrypted before being transmitted to the appliance. OiheiAvise 
eavesdroppers could potentially capture signature information. 

Consequently, the final stage before transmitted is the encrvpiion of the data stream. Svm- 
metric encryption rs used since it is tractable in the time available. Possible symmetric 
algorithms lor use are listed in Table 9. In all cases, a minimum kev size of 14 bytes is 
assumed. 

Table 9, Symmetric Algorithms [83] 



Algorithm 


Type 


Clocl<s per ■ 

byte 
processed 
(Pentium) 


Block size 
(bytes) 


Key s ize 
(bytes) 


Patents 


Blowfish 


Block 


18 


8 


4-56 


No 


CAST 


Block 


20 


S 


16 


Yes, but 
free 


IDEA 


Block 


50 


8 


16 


Yes 


Trlple-DES 


Block 


108 


8 1 


No 



a. Although Triple-DES uses a 168 bit key, the effective key strength is only 112 bits 

or die algorithms listed m labie 9, Triple-DlXS is die most conservative choice, although 
It IS the slowest. At 108 clocks per byte proces.sed. the encodin- of a simile 8-byte block 
consumes <S64 cycles (<S x 108). 

The pen must send 100 encrypted samples each second. .Assumin- that each sample 
requires a cv)mptele Triple-DI-S block (S bytes), the time laken lo enervpi I second ot'data 
is 86.400 cycles. ' • 

l or a clock speed ol" 25 Ml I/, H(,A{)i) cycles lor the 100 .sa.nples equates to less than O.S% 
ol the pmcessor band.\vidlh. 



I he enciA-pliiwi pioees.s liiereforc has a thrDu-hput t>r.XO() hvie^ per second. 
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Memjet Introduction 

Mcnijct is a new diyilal priming ; 
technology under development at Si I- ; 
v'crbrook Research. Ii is a 'clean slate' 
development aimed at developing the 
'perfect' print technology j'or a wide 
range oi applications for which current 
digital printing technologies are inade- . 
quale. The price/performance ad\'an- , 
lage over existing technologies such as ; 
laser printers and thermal ink jet printers ' 
is around two orders ofmauniludc. ! 



Key Features of Memjet: 

Pagewidlh inkjel printing - no scan- 
ning priniheads. thercrore \ ery last. 
High nozzle count: 51.200 nozzles 
for A4/letter. 

Full quality color photographic 
images at 1 600 dpi. 
Full quality text, including Japanese 
Kanji. 

Wide ink and paper Hex ibi lily - three 
times less water than 600 dpi print- 
ers. 

High speed - 30 pages per minute 
(ppm) to 4000 ppm. 
I ligh nozzle densil) - 25.600 nozzles 
in a 7511^1" chip (compare to latest 
IIP - r>00 nozzles in 75 mm"). 
Lt)w cost - under SIO ibr a M) ppm 
letter/ /\4 full color 1600 dpi print- 
head. 

Low power allows haller>" operation 
Ibr many applications. 
Small size - printers i net) rpo rated in 
mobile phones, cameras, even pens. 
Simple drive circuits - digital 
ASK* with low pincount. 
High volume manufacture - 56 mil- 
lion X" heads iVom a 25.000 waler 
per month Tab. 
? Low manufacturing investment -can 
adapt a 0.5 micron CMOS fab. 
Ivxcellent patent prt)ieelit>n - 220 I iS 
patents pending, both basic patents 
and strategic blocking patents. 

Radical, not Evolutionary 

I he elo.sest iechn(>it)g\ in Mem jet is 
I hernial Itik let ( I LIt. I his technology 
v\as invented rnughl\ simultanetuisK b\ 
( antui and I lew tell rackarvl arnnnil 
I'^Xn (( :in(in*s varielv is knovv ;ts l^ub- 



blejel"). aiui currenilx results in annual 
revenues around S24 billion. 

I hernial inkjet prinlheads prt>pel a 
droplet of ink out of a nozzle by super- 
heating a tiny volume of ink. fliis ink 
undergoes a Hash evaporation process. 
Ibrming a bubble which pushes the ink 
out of the nozzle. 

I here has been a massive imeslmeni 
in developing thermal inkjet technology, 
which has steadily advanced products 
from initial 200 dpi black only printers 
with I 2 nozzles, to current full color 600 
dpi printers containing prinlheads with 
Lis man)' as 608 nozzles. 

However. Mcmjei does not use the 
thermal inkjel operating principle, and is 
noi an extension of fLI lechnolouv. 




Micro Electro Mechanical 
Systems (MEMS) 

Memjel is derived from MLjVIS 
techiHilogy. MI-MS is Micro llleclro 
Mechanical Systems, and is basical!\ 
the construction of mechanical systems 
using VLSI chip fabrication techniques. 
ML! MS allows the integration of hun- 
dreds oJ millions of mechanical devices 
on a wafer. Certain MLMS processes 
(such as the Memjel pr(Kess) allow the 
integral ion ol* MI:MS and CMOS pro- 
cessing. Lhis is essential for a page- 
width piinlhead. (Jiheruise aritund 
50.000 t)li-chip connections wouM be 
ret] ui red. making the cost pniliibiiive Ibi 
vitlume markets. 

ML- MS devices are usetl in man\ 
applicalitnis. though few of these appli- 
cations have leached substamial \oL 
unie sales Souie <»! the best kiniwn are 
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I Ik- nuvsi ! uiKl;iinciH;il Ji rici ciiLC 
lu'iwccn st. ;iniiiML! aiui paLZcw i Ji li prini- 
1k-;k1> i.s \\w wiJlli oTHk' pi-iM(lic;Kl . 

1 Ik- IX' is ;m ussciui;il Ji\ idc h(.'lv\ccn 
s^\iiiiiiiiu priiiiiicitcis ( roiii^lil) 1 2"l aiKl 
pMLiL'vv i Jill pritUlicaJs (S" for US loUcr'. 
.'\4). i'rtnihcacls hctwccii ihcsc \alucs 
aiv not vcr> I'lscful - ihcrc is no 'c\o\u~ 
lionafA " progression. 



rt till i n ot I )c\ ice ). 

I he l)MI) is an arra\ ot aitiunJ I 
nitllioii iin\ iiin!-ors on a ('M()S chip, 
l.acli ninior is incicpcndcnil) dcllccicJ 
in response hi \ itieo iniayc data disiiil^- 
uled on ihe CMOS chip. I\ach mirror 
rellccls light either towards a viewing 
screen, or" los^ards a harHc. As all of the 
minors aie indcfiendcnlly ct)inrollcd, a 
large amouni of 
Jala can he prcv 
jcclcd even tiiough 
the iiidix'idiuil 
speed of^ die mir- 
rors is otiK around 
5()kll/.. 

Mem j el is con- 
cepiually similar. 
A Mcmjel prim- 
head coniains 
aroLinJ 25.000 
tiny paddies on a 
CMOS cliip. iiach 
paddle is indepen- 
dently detlecied \n 

response lo page hnagc data distributed 
oh the CMOS chip. When dcMccted, 
each paddle pushes a microscopic ink 
drop out of a nozzle towards the paper. 
As all of the paddles are independently 
controlled, a large amount oi'data can be 
printed even though die individual speed 
of the paddles is only around 40 kHz. 

Memjet Value Proposition 

The \alue proposition of Menijel is 
'practical pagewidlh inkjct printing'. 

A scanning prinihead is fundamen- 
laMy around 100 limes slower than a 
pagevs idlh prmihead. This is because ihe 
a scanning [Minlhead musl scan across 
the page numerous tunes - around 40 
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\ 'ov example; you can't make a letter/ 
A4 pagewidlh primer oul of a single 4" 
prinihead. Neither can >ou make a rea- 
sonable scanning printer - a 4" prim 
swaih is viruially impossible lo 'stitch' 
on the paper wiJioui gelling highly 
obieclionable lines across the page. 

A pagewidlh printhead means lots of 
nozzles. For a 1600 dpi. 4 color. 8" 
printhead. 1.200 nozzles are required. 
'! his compares t{^ to pical 1\ 300 nozzles 
lor I'LL and 1 2<S nozzles iov piezt>elec- 
iric inkjels (such as I'.pson and I ek- 
troni.\ ). 



Scanning printhead 



Pagewidth printhead 



Previous pagewidth printhead 
projects 

LagevMJili printhcads have lonij 
been ihe 'hot) grail' oL die inkiei indus- 
ir\. and lia\e been the subject ot* inten- 
sive ivscareh at s arious large companies 
h>r" more than a decat^le. 

LrcN'ious attempts at page\vidili mk- 
jets lia\e mostly tried lo scale up either 
of the two current technologies - thermal 
inkjel or piezoeleciiic 
inkjel. Both ol' ihese 
approaches fail tor a 
number of fundamen- 
tal reast>ns. 

Why cant you make 
pagewidth thermal 
Inkjet printheads? 

Thermal inkjel (11.1 
or Bubblejet - HP and 
Canon's technology) is 
not suitable for page- 
w idth printheads as the 
pow-er consumption is 
around 100 limes U)o 
high. This makes it 
\'cry dilllcult lo gel sufflcienl power into 
the printhead. However, even more dif- 
ficult is getting tiie waste heal oul of the 
prinihead without boiling the ink. 

LiJ cannot be made in a monolithic 
process, as the nozzle plates must be 
around 30 microns thick to withstand 
the transient pressures generated by the 
bubble. As a result, there are exlraordi- 
nar> manufacturing difficuilies in scal- 
ing up from small printheads to 
pagewidlh printheads. These include 
differentiat thermal expansion (making 
ii extremetv dilTicuil lo align the nozzles 
at both ciuis of a long prinilicael smiulta- 
neoust\ ) and cracking of the silicon 
ciiips due lo the high stresses during 
nozzle plate attachment. 

ALs(\ IT! and Bubblciel printheads 
\^■ear (,>lu due tt> kogalion and cavitation 
(neither o{' ihe.se problems affect Mem- 
jet or piezoelectric prmtheads). Wliile it 
.is. cost effective to frequently replace I 
cm long scanning printheads. pagewidlh 
printheads should have a longer lifeiinie. 

Why cant you make pagewidth 
piezoelectric Inkjet printheads? 

Lhe problems with scaling piezo- 
electric printheads are entirely different 
llian those lor I LL I he main problem is 
acousiic crosstalk. As the prinlliead 
tenglh increases, the delay helweeri the 
acousiic pulse of a piezo aeiualor and its 
acousiic reflections from lhe ends of the 
printhead increase. Lhis causes lhe pulse 
to inlertcfe ^^ilh ilscll on a limescale 
\vhich reaches into the critical time ol 
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Icm Jrop cjcclioii :ii \:ii!i»u> places tui 
i\w pt iiulK-kl. 

Aiutthcr pinhlcm is ct»si. Silici>M i> 
nol :i pic/oclccU ic MKiloi i;iL ami il is 
c\nviiicl\ tiirftcLilt u> iiuciiialc pic/o- 
ck'cuic iiKilorials on CMOS chips. This 
means llial a separate exiciiial connec- 
liiMi is iv(.|uiivtl lor each no//lo. A prini- 
head cquixalciii U> an S" tVlcnijei 
prinilicad uoiikl require at least >I.2()I 
external connections. While iheoreli- 
eally possible, the cost ot these connec- 
tions is exorhilanl. 

The dri\e voltaiie required is around 
100 V to 200 V. strit is als{> dilTicuU to 
integrate large numbers drix'crs on a 
single chip. 

Another problem preventing integra- 
tion is that ihe pie/oelectric material 
nnisi be electrically poled at around 
100.00(J Volts. which makes it 
extreme I >* dilUcult to protect integrated 
CMOS cireuiirv. 
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How fast can a Memjet printer go? 

I* or most consumer and PC printer 
applications, the Tuil speed of Memjet is 
not requited. In these applications, the 
print speed will generally be limited b>- 
the low cost paper movement mecha- 
nism. 

1 lowexer. for various industrial and 
C(.>mmercial printing applications, higher 
prim speeds are desirable. 

Individual Memjet no/./.les can oper- 
ate at 40 k\\y. (and- are likel\^ to operate 
up to 100 kllx). .At 1600 dpi. this means 
a print speed ol 25 inches per second. A 
standard" Memjet prinlhead has lour 
channels lor lour ink colors. 11 this 
printhead is used to print a single color 
instead, then the maximum print speed 
is 100 inches per .second. A 7^*4 inch 
wide web (paper roll) fed printer, v^ith 
printheads on both sides oi' the paper, 
printing at 100 inches per second, has an 
et)ui\alcnt print sj")eed ol 4.r>64 ppm. .At 
these print speeds, it is possible to com- 
pete directly with commercial olTset 
printing. 

Memjet - TIJ trends 

The bar eliaris to the riglit sh(>v\ the 
trends tor ihei inal inkjel jirinlheads iVom 
the tlrst commercial products to the 
present. I he.se trends are eompare(.i to 
\^ha^ is expected l»» be the llrsl Memjet 
printheati - a 1". A color. U>(K* tlpi prinl- 
head vvidi no//les. I \\o such 
prinilieatl chips bulled together make up 
an N pagewulih piiiilhead. 
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Advantages 

J :\w iu» J is:i(.iv :iiil;tL:cs 1 1 Sled. I hi> is 
i>cc;msc Sil\ crhi'ook Kcsoarcti has spciii 
vcais :nKi!\ /iiiLi llic prol^lcnis \\\\\^ pic- 
\ ions icchnoloLiios. atui ciisiirin^^ lhai 
ihcsc prohlcms arc soKlx! lor Mciujci. 
Nicinjoi lias been ilirough 47 major 
(.icsign iicraiions lo coiucrgc on ils cur- 
rent Slate, xsherc \\c l^clicxc thai furihei- 
inii^rox ciiicms \\'\\\ not he siyni lleani. 
This Ljuesi for [^crfeehon is oiiizoinu. aiKl 
it IS our iiilcniicMi lo correct any uiulis- 
cov crcd problems as qiiickl)' as possible. 
.\s is well kno\Mi. a problem dclectcci at 
an call)' stage can be orders oi" magni- 
tude cheaper to correct than a jMoblem 
detected at a protiitype or production 
siagc. 

Higii Resolution 

The true resolution of Memjet is 
1600 dots per inch (dpi) in both direc- 
tions. This allows tull photographic 
qualit\- color images, and high quaht> 
text (including Kanji). i-iigher resolu- 
tions are possible with the technolog> . 
2400 dpi and 4800 dpi versions have 
been investigated for special applica- 
tions, but 1600 dpi is chosen as ideal for 
most applications. The true resolution of 
commercially available advanced ther- 
mal inkjel devices is around 600 dpi. 
For piezoelectric systems such as those 
from Epson the true resolution is sub- 
staiTtiatl> lower, but the prinlhead makes 
many o\ erlaj^jping passes over each 
point gi\ ing an "ejlcctiNe reS(.ilulion ol 
1440 dpi, at the expense ol speed. 
'Addressable resolution' is now often 
L]uoled in advertising to gi^*c the illusion 
ol" higher I'esolulion. 

Excellent Image Quality 

lligh image quality requires high 
resolution and accurate placement of 
drops, riie monolithic pagewidth nature 
ol Memjet allows drop placement to 
sub-micron precision, lligh accurac> is 
also achieved by eliminating misdi- 
leeied droj)s. electrostatic detlection. air 
lurbulence. and eddies, and maintaining 
highly consistent drop yt)lume and 
velocity, image quality is' also ensured 
h\' the provisit)n t>r sufficient resolution 
to avoid requiring multiple ink densities. 
I i\e color or color 'photo' ink|et sys- 
tems inlrt>duce halttoninu artifacts in 
mid tones (such as lleshlones) if the d>e 
interaction and drop si/.es are not ahsti- 
Uitely perfect. I his problem is etinu- 
naled in bi-le\el ihree coloi" s\Niem> 
such as Memiei. 



Nozzle filing trequency 




19&4 1S85 '.98G 1987 1388 1989 1990 195" 

High Speed - up to 120 ppm per 
printhead 

fhe pagewidth nature of the print- 
head allows high-speed operation, as no 
scanning is required. The print speed of 
a N4emjet based printer will usually be 
determined by market requirements and 
the paper handling mechanisms 
required. For most consumer or SOHO 
applications. 30 ppm printing is around 
the optimum, as faster printers are domi- 
. nated by complex and expensive paper 
handling. To achieve 30 ppm, the Mem- 
jet printhead is operated at a drop repeti- 
tion rate of 10 kHz. The maximum drop 
repetition rate for Memjet is 40 kllz. 
allowing 120 ppm full color printing 
from a single printhead. 

Low Cost 

A photo-x\idth photographic j^rini- 
head assembly is projected lo c()st under 
$5, and a pagewidth A4 printhead. 
assembly (using Iwt) 4" prinlhead equiv- 
alents) is projected to cost less than $10 
when manufaclLired using a 0.5 micron 
CMOS process on X*" wafers. 
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When earlv 300 mm fabs e\entuall\ 
become cost effective, monolithic X" 
piiniheads can he tabricaled on a vtngle 



wafer, reducing production costs fur- 
ther. 

All Digital Operation 

The high resolution ol' the printhead 
is chosen to allow fully digital operation 
using digital halftoning. This eliminates 
color non-linearity (a problem with con- 
tinuous tone printers), and simplifies the 
design of drive ASICs. 

Small Drop Volume 

To achieve true 1.600 dpi resolution, 
a small drop volume is required. Mem- 
jet's drop \olume is one picoliter (1 pi), 
"flic drop size of advanced comn.iercial 
piezoelectric and thermal inkjet devices 
is around 10 to 30 pi. I his has been 
sieadib" reducet.1 oxer the previous tuo 
decades from original drop x'olumes of 
ujoLind 100 pi. A small drtip volume 
also allows substantial 1\ less ink carriei' 
(typically water) to be printed to the 
page, allowing much faster drying and 
eliminating print-through. It is theoreti- 
cally possible to build a 1600 dpi ther- 
mal inkjet printhead with 1 pi drops. 
I low'cver. such a printhead W'ould need 
to print 7.1 1 limes as many drops as a 
current 600 tlpi printer. It would be 7 
limes slower, and use around 4 limes the 
energy, as a 600 dpi printhead with an 
etiuivalcnt number of nozzles, fhermal 
inkjel printers are already too slow and 
use loo much power, so it is unlikel\ 
that such print-heads \vill be built. 
Memjet uses around 100 times less 
energy lo print a drop, and uses around 
100 times as many nozzles (51.200 ver- 
sus around .s 1 2 for iliermal inkjel). so 
there arc ii*) speed or powei" problems 
aiisim: trtun the hiijh resolution. 



!):init*;il mkx 
1^.. on huhhlc r 
\cli>i;ii> conUiO 
hn\ drop \ ol<K'i: 
:ipplic;itions \\h 
o:ni he ct)iitrit!k\ 
accuialclv \i\r\c 
ranuc hy \ :ir\ in., 
the aciiKiior. 1 li; 
1 5 ni/s) siiiuihk 
fibrous surt;Kc.' 
can he acliic\ 
mix.zlc c ha Hi he 
sions. i'woKc r 
sen as I he ii* 'M; 
phnn paper apjv 
Li neon I rolled. 

Fast Dryinn 

A comhipui; 
lion, veiy sin:: 
densily aMo\^s 
much less \^au 
around one liili 
dpi ihernia! in- 
fasi drying a 
paper cockle. 

Wide Temper 

Memjei i> 
effect of am hie 
change in Ink . 
perature affects 
be elecironieni 
ing lempcraiui. 
0 lo 50 ^( ■ ■ 



eKei«»: i-v .i preet-^e 
KinisMi. jnd vloe-- luu 
.^ lealiiin. aeeurale *.Ir(tp 
:iv ailahle. I his allnws 
(4 ni s) to he usevi in 
"V media aiul airtlow 
' Drop \ eloeil> can Iv 
I tner a considerable 
die energy prov ided lo 
droji \ elocilies (10 to 
•r priming t>n rough or 
-uch as plain paper' ) 
:sing \ariaiit)ns ot the 
.md aetuaior dinien- 
v-rs per second is cIki- 
i' \'elocit\ lor .Vleniiei 
.:iions where airl1tn\ is 



of \ ery high resolu- 
• irops. and high dye 
is coU>r priming with 
jjeeied. Menijei ejecls 
oi' the water ol' a 600 
. i primer. This allows 

viriualK eliminates 



ure Range 
.signed to cancel the 
lem perature. Only the 
.iracicri sties with tern- 
operation and this can 
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ater based inks. 
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ufac taring 
juireci 

ic luring process for 
vS emirelx from the 
■ 'ondueior man u fact ur- 
Mosl inkjet systems 
: difficulty and expense 

the laboratory lo pro- 
U accuracy specialized 
Liuipmenl is required, 
.viuipmeni required has 
-'. r'lop • 1 at a COS! t>f 

: 'ilai . fnr die .semicon- 



1 C.'"tacity 

ah nil 2.S.()(K) u;it"er 
in .Kiuee aroun<.i >(> 
! Is . /) annum. I heie 
su -. CMOS labs in 



•e! eosi i% low 
' ico HI fi" and X" 



pi* '1^'*^ '.evi uiUiHiueiittn the pi uidiead^ 
die-^e Lih^ should he amnrit/ed. 
and essentiall\ olisi>lele forC .\U>S logiv 
produelinn. I here fore, \ohime prtHlue- 
lion can use 't>!d' exisiiiig facilities. .\lo>i 
of die -Ml NIS post -processing can also 
be [terlormed in a C -V1(>S fall, bul ai 
leasi one ne\^ piece of ettuipment will be 
rciiuiretl. - a deep silicon etcher using 
the 'Hoseh process". I liese machines are 
a\ ailahle from Alcatel. IMasma I herm. 
and .Surface I eclinology Systems. 

Good Light- Fastness 

.As the ink is not heated, there are 
fe\v. restrictions on the t> pes tif d\ es thai 
can be used. I "his allows dyes io be clu>- 
sen for optimum liuhi-lasiness. Some 
recemly developed dyes from compa- 
nies such as Zeneca Specialties and 
BASF have light- fastness of 7 on the 
blue wool scale, 'fhis is equal to the 
light- fastness ol" many pigments, and 
considerably in excess of photographic 
dyes and of early inkjet dyes. 




( 'VK )S tabs ean be used. .Al jIk- iinie »»! 



Good Water- Fastness 

As wMth lighl-faslness. the lack of 
thermal restrictions on the dye allows 
.selection of dyes for characteristics such 
as \^ ater-fastness. For extremel> high 
waier-fasiness (as is required for wash- 
able fabrics) reactive d> es can be used. 

Excellent Color Gamut 

1 he use of iraiisparenl dyes of high 
ei>l<ir purity allows a color gamut con- 
siderabl\ wider than that t»f olfsei prim- 
ing and siKer halitle plioiogiajih\ . 
( Htset printing in particular has a 
leshieieLi gamut due tt> light seallering 
tVoui I he pigments used. With tliree- 
eolor s\ stems or four-color s> s- 

leni'. (< "\n'K) die ganuii is neeess;iril;. 
hunied l*i ihe telrahedi;d volume 
beiv.een the e<»lor \eriices. I here fore u 



:^ :::p. •: :ii.n iik- e\ an. magenia .in.: 
\e.!ow viv^*^ are .i^ 's[>eenall\ puie .i . 
po--Nd>le \ s|ighil\ wuier *he\eone 
gamut iliai meluties pure reds, greens, 
and blue.-- can be aehie\ed using a o 
color t C l\( i U ) mo(.lel. -Such a si\- 
ei>lor prinihead ean be made eeonomi- 
ealK wiiha width of onl\ 1 mm. 

Elimination of Color Bleed 

Ink bleed betx^cen ctdtus occurs if 
the di lie rem priniar\ colors are printed 
while the previous color is wet. While 
image blurring due to ink bleed is typi- 
calK" insignitlcant at 1600 dpi. ink bleed 
ean 'muddy' the midlones of an image. 
Ink bleed can be eliminaled h\ using 
microemulsion-based ink. for which 
Memjet is highl>' suited, 'fhe use ol" 
micrt>emulsion ink can also help pre\ent 
nozzle clogging and ensure long-term 
ink stabilii)*. 

Advanced Ink Formulations 

Silver brook Research has world- 
class expertize in quantum chemistry 
(refer to papers in .1. Rhys. Chem. and 
C hemical Physics Letters), and is apply - 
ing this to the development of a ne\^" 
class of inks w-ith advanced properties. 

High Nozzle Count 

Memjet has 19.200 nozzles in a 
monolithic CMY three-color photo- 
graphic printhead. While this is large 
compared to other printheads. it is a 
small number compared to the number 
ol' devices routinely integrated on 
C'.VIOS \'LSI chips in high volume pro- 
duction. It is also less than 3% of the 
number of . movable mirrors which 
fcxas Instruments integrates in its Digi- 
tal .Vlicroinirror De\ ice (DMD). manu- 
factured using similar CMOS MFMS 
processes. 



Printhead chip 




51.200 Nozzles per A4 Pagcv/idtli 
Printhead 

A tour-color (( 'M YK ) .Vlemiei prini- 
heail for page\^i^llh letter A l priming 
uses i\M> eliips F.ach ').(>.^ cm" chip has 
^f^J^nn iM.//les f*ir a l*il:il *»f > I .?JH) noz- 
zles 



In .1 prinilRMvl w ii li .i^ in.i!i\ .is 
^*)(» nozzles, il is cssciUial to niu-- 
..K- tl;ti;i JisuilmiiiMi circuils (.sfiil'i vc^z- 
i.Nlcis). tiniiiii:. aiul (.]ri\(.- iiMnsisitMS 

\\\\h iho nozzles. ( )llK'tAvisc. j mtninuim 
ot ."^1.201 eMcrnal cotmccl inns woiiUi Ix- 
rccjuirctl. This is a scvccc jii-ol^lciii wiih 
picz.t^clcciric ink jots, as cirixc circuils 
cannoi Ix' inlcgralcci on picz.oclcciric 
SLihsliaics. I niotiraiitin of nian> niilliotis 
ol conncclions is common in C'!V1()S 
VLSI chips, which arc fal^ricalcd in high 
\ olumc at high \ ickl. Il is the number of" 
oM-chip ct)nnectitins lhal nuisi he lim- 
iled. 

MoiioMthic Fabrication 

Vlcnijet is made as a single mono- 
lilhic CMOS chip, so no precision 
assembly is required. All labricaiion is 
performed using standard CjMOS VI, SI 
and MTiiVlS processes and materials. 

In thermal inkjel and some piezo- 
electric Inkjet systems, the assembly of 
no/./.le plates u ith the print head chip is a 
major cause of low yields, limited reso- 
lution, and limited size. Also, page width 
arrays are t>pically constructed from 
multiple smaller chips. The assemblv 
and alignment of these chips is an 
expensive process. 

Modular, Extendable for Wide 
Print Widths 

f.ong pagewidth print heads can be 
constructed by btitting 'standard' ! 00 
mm Viemjei heads together. The edge o\' 
the .Memjet jTrinthead chip is designed to 
aulomalicall) align to adjaceni chips. 
One printhead gives a photographic size 
printer, two gives an A4 printer, and 
four gives an printer. Larger num- 
bers can be used for high speed digital 
printing, pagewidth wide format print- 
ing, and labric printing. 

Low Cost SiniLJltaneous Double 
Sided Printing 

Double sided printing (known as 
duplex" in ilie ofHee market, and 'per- 
fect" in the coiiimercial print market) 
can be implemented at low cost simpK 
by including an extra printhead on the 
other side of the paper, and duplicating 
the appropriate logic and image process- 
ing circuits. I he cost and complexil\" of 
providing priniheads is less liian 

that t)l mecliameat s\ stems lo turn o\ei 
the sheet of [laper. 




Straight Paper Path 

As there are no drums required, a 
straight paper path can be used to reduce 
the possibility of paper Jams. This is 
especially relevant for olTice duplex 
printers, where the complex mecha- 
nisms required to turn o\ er the pages are 
a inajor source of paper jams. 

High Efficiency 

^rhermal ink jet print heads are only 
around 0.1% efUcient (electrical energy 
input compared to drop kinetic energy 
and increased surface energy). Memjet 
is more than 10 times as erficient. 

Self-Cooling Operation 

The energy required to eject each 
drop is 142 nJ (0.142 microJoules). a 
small fractit)n of thai rec]uired tVir ther- 
mal inkjet printers. I he low energx 
allows the printhead lo he completel>' 
cooled by the ejected ink. with only a 32 
"C W't)rst-case ink temperature rise. No 
heal sinking is ret] ui red. 

Low Pressure 

The maximum pressure generated in 
a Memjet printhead is around 60 kPa 
(0.6 atmospheres), 'fhe pressures gener- 
ated by bubble nucleaiion and collapse 
in thermal inkjet and hubblejet systems 
are t\ picail> in excess of 10 M Pa (100 
atmospheres), \shich is 160 times ihe 
ma.ximum Memjet pressure. The high 
pressures in buhblejel and thermal inkjet 
designs result in high mechanical 
stresses. 

Low Power 

A .">0 pjMU .A4 Vlemjel printhead 
recjuires a maximum of (>7 Wails when 
prititing full ."i-eolor black. When print- 
mg 5"^ coverage. a\erage po\vei" con- 
sumption is onK T4 \\';ins. 




.Memjei e.m operale li^un a sinuie 
suppl>. liie vime as Ixpieal drive 
ASK s. I hermal tnkjeis ivpiealiy requnv 
at least 2() \ . and pie/oeleei rie inkieis 
often recjuire more ihan .>() V. | h^- 
Memjet actuator is designed foi" nominal 
operation at 2.iS \olis. alUiwmg a t).2 V 
drop across the drive tiansistor. u^ 
achiexe .-^V chip operation. 

Operation from 2 or 4 AA 
Batteries 

Power consumption is low enough 
thai a photographic Memjet printhead 
can operate from AA batteries. .A typical 
6 X 4 inch photograph requires less than 
20 .loules to print (including drive tran- 
, sistor losses). Lour .A .A batteries are rec- 
; ommended if the photo is to be prinieci 
j in 2 seconds, if the print time is 
j increased lo 4 seconds. 2 A A batteries 
\ can he used. 

i Battery Voltage Compensation 

: Memjet can operate from an unregu- 
= lated battery supply, to eliminate elTi- 
i ciency losses of a xoltage regulator. This 
means that consistent performance must 
be achieved over a considerable range ol' 
supply voltages. Memjet senses the sup- 
ply voltage, and adjusts actuator opera- 
tion to achieve consistent drop volume. 

j Advanced Nozzle Clearing 

; Memjet employs two novel patented 
techniques to clear clogged no^7les. and 
most conxentional techniques can also 
be used. Ihe degree of potential no/./.le 
clogging is highb dependent on the ink 
fornuilalion. wihich depends on the 
application. In photographic apj^ilica- 
tions clog-pr(H)i' inks can be used. 1 loi 
melt inks cati also be completei\ clog 

, free. When using aqueous inks, ii is 
essential to use nozzle capping and to 
include a humectant in the ink. 

j Small Actuator and Nozzle Area 
I file area required by a Memjet noz- 

zle, actuator, and drive circuit is .>200 
fim~. This is much less tiian LM) ot" ihe 
area required by piezoelectric inkjel 
! nc)zzles. and around 1.5% of the area 
; required by fl.l nozzleS: The actuator 
area directly affects the prinihead maiiu- 
facturing cost. 




Small Total Printhead Size 

An ontiiv printhead assembly 
(incluJing ink suppl\ channels) lor a Ici- 
lcr/A4. 30 ppni. 1600 dpi, tour color 
prinilicad is 210 x 12 x 10 nun. The 
small size allows incorporalion inio 
notebook computers and miniature 
priEiters. A phoiograj^h primer is 106 x X 
N 8 mm. allowing inclusion in pocket 
digital cameras, palmtop PCs, mobile 
phone/fax. and so on. Ink suppl>- chan- 
nels take most ot this volume. The pho- 
tographic prinihead cliip itself is onl>' 
10^2 X 0.55 x 0.3 mm. 




Various Nozzle Capping Systems 

Nozzle capping systems ha\c been 
designed for various applications. 

A minialure tiozzle capping system 
has been designed for portable and pho- 
tographic applicatit)ns. lor a phott)- 
graphic printer this nti/./lo capping 
system is (>nl\ H)o x ."^ x A mm. antl cioe^ 
not require the jiriniheaii to mo\e. 

I- or ver>' low cost printers, such as 
printers incorporated into pens, the noz- 
zle capping mechanism is a single piece 
ol" molded plastic C(*sling less than a 
cent. 

In desktop pi inters, ilie prinihea^l can 
be capped against a transfer roller for 
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High Manufacturing Yield 

1he projecied manufacturing \'ield 
(at mauiriiy ) of the Mcmjei printheads is 
at least 80%. as it is primarily a 0.5 
micron digital CMOS chip with an area 
ol only 0.15 cm~ per inch of prinihead, 
Vlosi modern CMOS processes achieve 
high yield with chip areas in excess of I 
cm~. For chips less than around 1 cm~. 
cost is roughly proponional to chip area. 
Cost increases rapidly between 1 cm" 
and 4 cm". v\iih chips larger than this 
rarely being practical. There is a strong 

I incentive to ensure thai the chip area is 

' less than 1 cm^. 

I-'or thermal inkjet aiid bubblejet 
printheads. the chip width is typical!)' 
around 5 mm. M mi ting the cost ellecii\e 
chip length to 1 lo 2 cm. .A major laryei 
ol' Memjel has been U) reduce the chip 

■ \.\ idth as much as ptjssible. allowing cost 
ef fee live monolithic pagev\idth prim- 
heads. 

In the earl> stages of manufacture, 
i before high yields are obtained, fauli tol- 
erance can be used. Although fault toler- 
ance doubles ihe raw" chip area, wafers 
with defect densities as high as 100 
defects per cm" can still obtain gtiod 
printhead yields. 

Low Process Complexity 

With digital IC manufacture, the 
I mask complexity of the device has little 
or no effect on the manufacturing cost or 
difficult). Cost is proportional to (he 
number of prttcess steps, and the litho- 
graphic crilical tlimensions. Vlemjei 
uses a standard 0.5 micron 1I*2M 
(A'1()S nKtnufaeluring proLcss. with an 
additional 7 .VlluVlS mask steps. I his 
makes the manufacinring process less 
eomple.\ ihan a l\pical 0.25 micron 
( AK )S lov:ie piocess vmiIi ^ le\el meial 
llo\ve^ei. ihe \11MS post |m« te^.-^siMg 



- !!.'• •x:.:t.,:.iu: .i ^ii-mtKMni .mtotnu i*' 
piov.-^-. viopiueni iCkjUMvd ( »»n 
^uki.ibie eitoii li.t*- been underi;iken i.» 
mininn/e the e»»mple\il\ and ri.sk of ihi-- 
proee.^^ vlevelopnient. Ilowexer. since 
an\ process *.ie\ elopment is usuall> vtif- 
fieuh anil expensive, this is tikelv lt> be 
the highest poriiiM> ol" the remaining 
».le\ eK>pment costs, 

S(ni[3lc Testing 

Memjel includes lesi circuits and a 
test strateg) that allows most testing to 
be completed at the watc-r prt>be si age. 

fesiing of all electrical properties, 
including the resistance t)f the actuator, 
can be completed at this stage. How- 
ewr. actuator motion can i>nly be tested 
after release from the sacrificial materi- 
als. Actuators can be tested belbre being 
II lied with ink using optical methods. 

fhc paddle is rellective and the nozzle 
chamber is transparent. Paddle dellec- 
lion can be measured accuratel\' by 
counting interference fringes of mono- 
chromatic light. Final testing of pack- 
aged printheads is readily performed by 
printing a test pattern which is autOEnali- 
cally checked using a linear image sen- 
S(.)r. 

Low Cost Packaging 

Memjel is packaged in an injeciion 
molded polycarbonate package. All con- 
nections are made using Tape Auto- 
mated Bonding (TAB) technology, 
though wire bonding can be used as an 
i>ption. All connections are along one 
edge of the chip. 




I Relaxed Critical Dimensions 

1 he crilical dimension (CD) of ihe 
Memjel CMOS drive circuitry is 0.5 
microns. At! va need digital ICs such as 
micrtiprttcessors current I \ use ('i)s ot 
arounti U.25 microns, \\hich is t\\»» 
*.ie\ ice geneiations more acKaiiced lhan 
the Mem jet printheatl reciuires. Most of 
the Mi \I.S post prt)cessing steps ha\e 
('l)s.<i 1 miei'on or greater. 



I )c\ K c-^ v i itiLL vim nii: in.niiiLK - 
• Avc J v^'i-ilic;)! pi-olMciii willi bold 
....riiuil ink id aiui i^lc/oclcciric *.ic\icc>. 
1 his liinils llic sl/.c oT ihc iTi iiulio:Ki lli:H 
it IS possible lo nuiiuitacUtrc. Ilio 
siivsscs iii\ol\L\l ill iIk' nuuuilaciurc ot 
Mciiiici pii nihoads arc no grcaicr than 
those rcquiiLxl Ibr CMOS labricalion. 
McniiLi priiuhcacis arc not sawn iVoni 
the wafer. hu\ are gently plasma etched 
instead. 

No Scan Banding 

M cm jet is a lull pagcwidtli print- 
iicad- so docs not scan. This eliminates 
one of the most signillcant image qual- 
ity problems oi" inkjct printers. Banding 
due to other causes (mis-di reeled drops, 
printhead misalignment) is usually a sig- 
nificant problem in page width print- 
heads. These causes of banding have 
also been addressed. 

'Perfect' Nozzle Alignment 

All of the nozzles within a printhead 
are aligned to sub-micron accuracy by 
the 0.5 micron stepper used for the 
lithography of the printhead. Nozzle 
alignment of two 4" printheads to make 
an A4 pagewidth printhead is achieved 
with the aid of mechanical alignment 
features on the printhead chips, 'fhis 
allows automated mechanical align- 
ment (by simply pushing two printhead 
chips together) to within 1 micron. If 
fmer alignment is required in special- 
ized applications. 4" printheads can be 
aligned optically. 

Controllable Drop Velocity 

.An accurately controlled drop vetoc- 
it\ improves image quality . as the posi- 
tion of dots on the mo\ ing subsiraie is 
more accurate. An accurate drop veloc- 
ity also enables a lower nominal drop 
velocity, vshieh reduces power con- 
sumption. A low drop velocity requires 
laminar airllow. with no eddies. U) 
achieve gotid drop placement on the 
pmit medium. Ibis is achieved by the 
design ot'lhe j^rinthead packaging. 

j"or printing on 'rough' surfaces 
higher drop velocities are desirable. 
Drop velocities up to 15 m/s can be' 
achieved using variations of the design 
dimensions. It is possible {o manufac- 
ture [irintheads with a 4 m/s drop veloc- 
and printheads \\\\\\ a 15 m/s drop 
vetocil\. on the same vvafer. "fhis is 
liecausc bt>ih can be made using the 
same process parameters. 

No Misciiroctoc! Dro[)S 

VI isdi reeled drops are elininialei.i b> 
the provisitin of a thin nm around the 



whieh prevk'iUs ihe spre.ui ot .i 
drop aeioSN ihe piiniheavi -^ln iaee in 
regions where die li_\ drophobie coaling 
i> compromised. 



\ 




No Thermal Crosstalk 

When adjacent actuators are ener- 
; gized in bubblejet or other thermal ink- 
i Jet systems, the heal from one actuator 
' spreads to others, and alTects their firing 
characteristics. In Memjci. heal dilTus- 
I ing froni one actuator to adjacent actua- 
tors affects both the heater layer and the 
; bend-canceling layer equally, so has no : 
; effect on the paddle positioii. This virtu- I 
1 ally eliminates thennal crosstalk. [ 
i I 

j No Structural Acoustic Crosstalk \ 
This is a major problem with piezo- 
electric printheads. it does not occur in 
Memjet. 

No Ftuidic Acoustic Crosstalk 

l.]ach simultaneously fired ne)zzle is 
al the end of a 300 micron long ink inlet 
etched through the (thinned) wafer. '■ 
1 hese ink inlets are connected lo large 
ink channels with low tluidic resistance, 
fhis configuration virluall) eliminates 

I ciny elfect of drop ejeclion from one 

I nozzle on other nozzles. 

Acoustic crosstalk between 'pods' 

i (groups of nozzles sharing an ink chan- 

' nel) is almost entirely eliminated by the 
MK) micron long channels opening into 
relatively large fluid rescr\dirs. .Acous- 
tic crosstalk within a jiod is elTecttNel> 
eliminated b\ the lime dela\ bet \\ ecu 

' subsequent drop ejections within a pod. 
This is typically 20 microseconds, 
which is more than 40 times longer than 
the resonant frequency of the ink chan- 
nel, fhis gives plenU' of lime for acous- 




lie \ibraiion.s \o In- damped beUveeii 
drop eieciit>ns. 




No Power Supply Crosstalk 

fhe thick copper bus- bars in the 
device package, and the active power 
suppi) compensation meclianism. effec- 
tively eliminate crosstalk coupled 
through the power supph'. 




Permanent Printhead 

All of the known problems -that limit- • 
the life of inkjcl printheads ha\'e been 
eliminated, allow ing the printheads to be 
permanently installed, fhis dramaticalh 
lowers ihe production cost of consum- 
ables. Note, however, that the selling 
price ol' consumables is not necessarily 
related lo the production cost, atid need 
not be reduced. 

No Kogation 

Kogalion (residues of burnt ink. S(W- 
\eni- and impurities, from ihe .lapanese 
'koga' for biirnl rice) is a significant, 
problem with bubblejet and other ther- 
mal inkjel printheads. Memjet does iK>t 
have ihis problem, as the ink is not 
heated. 

No Cavitation 

f.rosion caused b\ the \iolenl col- 
lapse (if bubbles is another problem that 
Imnls the life of bubblejet and oilier 
lliermal inkjel priniheads. .Vleinjel does 
not have this pn.lilein because no bub- 
bles are tt)rnied. 
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\»» tiKM.iU ,iiv III .tvin.i- 

. tM iit>//lL'>. vOiioli '.iiv (.iiiiivl) 
^.i:iink\ IlKrvliMV. ilurc in iu* piithk-m 
\\\\\\ clociri>iniL:i:iihtn m Mk- :icm:il inkici 
dc\ ices. I he C".\U >S nK-i:illi/:ilivMi la>oi.s 

\.\c>\\iiK\\ lo siippiM i iIk' iVijiiiivvi cm - 
rvius wilhoiil ckcin>iiuv:r;iiion. I liis c:m 
he iCiKiily ;iciiic\ cd hccause ihc ciii ivnt 
ctuisit^loraiiiHis arise iVoiii healer dri\'e 
piuver. iiol hiuli speed C 'M()S sv^ iiehiiiu. 

Distributed Power Connections 

While the eneru> eonsuinptiiMi o\' 
Memjel is llliv times less than ihennal 
inkjet. the Iiigli jirini spee*.! and Inw \<)h- 
age resiihs in a Tairlx hiizh electrical eiir- 
reiii eonsunipiion. Worst case current 
for a photographic Menijet head printing 
in two seconds tVoni a 3 Voli supply is 
i 4.9 Amps. This is supplied via copper 
t busbars to 256 bond pads along the edge 
' of the chip. l:.ach bond pad carries a 
; maximum of 40 mA. On chip coniacis 
! and vias to the drive transistors carry a 
1 peak current oT 1.5 mA lor 1 .2 Us. and a 
i maximum average of 12 mA. 




No Corrosion 

The no/.*/Je and acluatt^r are entirely 
formed of glass and titanium nitride 
( TiN). a conductive ceramic commonly 
useil for melalti/.ation barrier layers in 
CMOS devices. \Unh materials are at 
minimum chemical energ\ levels \vilh 
respect lo water, so do not corrode, l ila- 
nium nitride does not corrode or dis- 
solve in extreme environments sue ii as 
molten aluminum. It is used as the coat- 
ing tor the electrodes in aluminum 
smellers. l i.V is alsd highlx wear resis- 
lain - man> watches ant! je\^elr\ items 
are ctiate^l with I iN a^ ii hmks like gt>Ul. 
but has much belter vvear projxriies. 

I iN ilttCN sittv^ i\ oxidize in air abtt \ e 
5(10 "*( which limiiN ihe eniciene) of 
the aclual*tr. as the aciiMlor el lieienc) is 
pritporii* tii;il tit Hs leniperaitne rise 



I iiealci eliiCKMK ) v.ta in- . ':>:.!i:ie*: 
ihe u^e .»i ill. \h\. \^illei) iia^ 
propei'iiCN In I »\ bui re^i^w oxukiuon 

No Electrolysis 

Ihe ink is not m contact with .in> 
electrical jitilennals. .^o there is no elec* 
tn>lvsis. This is aciiie\ed b\ a deliberate 
design leaiure in the actual<>r arm. \vhich 
is a gap between the actuator loop and 
the paddle. This electricallx isolates the 
pad tile tVoin ihe drive circuit. 



: v\:..::e *.:e:ii ivpuMll\ innus liu- -i/.- , * 
;':e.'* •v-.ecli K jiri ndieavi^ i* i .n » nnui v 
ivquiniig ino.UOO \ oli.s pole Memic- 
•equire> ni» pt»ling. 

No Rectified Diffusion 

Keeiifietl dilTusion - the tormatiint »»! 
iiubbles due lo cyclic pressure \ arialion-- 
- is a problem that primarily attlicis 
pie/.i>eleciric inkjets. Mem jet is 
tiesigned lo i^rcx ent recti l ied dilTusion. 
as ihe ink pressure ne\er falls behw^ 
zero. 



No Fatigue 

Ail actuator movement is within 
elastic limits, and the materials used are 
all ceramics, so there is no fatigue. 
Finite element analysis sho\vs ihe maxi- 
mum strain lo be 0.5%. 

No Friction 

No moving surfaces are in contact, 
so there is no friction. 




No Stiction 

'Stiction' is a combination t)f stick- 
ing" and 'iViclioir. a problem common 
to many Mi^^MS devices. Memjel is 
designed to eliminate stiction during the 
release of the actuators. This is achiex ed 
b\- the low- ratit> of w idth to thickness of 
the cantilever beam, in eombinalion 
with the iiigh Young s modulus of the 
liN layers. 

No Crack Propagation 

Finite element analysis (PEA) has 
shown the maximum strain lo be 0.5%. 
This is well within the crack propaga- 
tion limit of" tlie actuator, with the l> lai- 
cal surface roughness of the l iN la\ers. 

No Electrical Poliny ReciuirecJ 

l*ie/oeleclric materials must be 
pv)led after the> are formed into the 
printliead slructure 1 his polinjj recjuires 
ver\ high eleclrieai I'lettl sirengdis - 
around 20.000 V em. Ihe high voliagc 



Eliniination of the Saw Street 

fhe saw street between chij'JS on a 
wafer is typically 200 microns, 'fhis 
would take 26% t>f the waier area. 
Instead, plasma etching is used, reciuir- 
ing just 4%) of the wafer area. 'I'bis also 
eliminates breakage during sawing. 

Lithography Using Standard 
Steppers 

Although Memjet printliead chips 
can be as long as the wafer is wide, stan- 
dard steppers (which l\ pic a My have an 
imaging Held around 20 mm square) are 
! used. This is because the printliead is 
i 'siitched' using identical half inch expo- 
I sures. Alignment between stitches fields 
! is not critical, as there are no electrical 
: connections between stitch regions. One 
\ segment of each of 32 print heads is 
imaged with each stepper exposure, giv- 
' ing an 'average' of 4 printheads per 
exposure. 

Integration of Full Color on a 
Single Chip 

Memjel integrates all of the colors 
ret]uired ontt> a single chip, fhis cannot 
be done with page width 'edge shooter' 
i^k'signs. such as Canon Kubblejel. 

Wide Variety of Inks 

Memjel does not rel\' t>n ihe ink 
properties for drop ejection. Inks can be 
based on water, microemulsions. oils, 
various alcolmls, MI-!K. hoi mell waxes. 
()r other solvents. Memjel can be 'luned' 
lor inks over a wide range of viscosil\ 
and surtace tension. This is one signili- 
cani factor, allowing it wide range of 
' applieatitins. 

Archival Quality 

With the right ch()ice of d>e and 
mctlia. archival j^ei-manence signiti- 
caniK betier than c(»hw photographs can 
be achie\ etl. 

Lannnar Atr Flow v/illi no Eddies 

I he i>iinthead packaging is designeti 
hi ensure ih.ii airlh^w r> laminar, atul to 
elimijiaie eddies. I his is impoilanl. a-. 
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High Drop Repetition Rate can be 
used 

The minimal drop rcpciilion rate oi' i\ 
photouraphic Mernjei is 5 k\-\z. result in^: 
in a prim speed of 2 seeonds per pholtK 
I'he nominal drop repoiition rate for an 
A4 printhead is 10 ki lz for 30-^* ppm A4 
printing. I he maximum drop repetition 
rate is primaril) limited by the noz/.le 
re 11 II rate, wliieh is determined by noz- 
zle chamber geometry, flow dynamics- 
ink pressure, and surface tension. Drop 
repetition rales of 40 kllz can be 
achieved (and 100 kllz may be achiev- 
able), allowing print speeds of 120 ppm 
using a single row of nozzles for each 
color. However, 34 ppm is entirely ade- 
quate for most low cost consumer appli- 
cations. 




1 or \ery high-speed ajif^Iications. 
such as commercial piinling. multiple 
I priniheads can be used in conjunction 
■ with fast paper handling. A suitable sys- 
tem lor high end ctimmercial printing 
! can use one printhead pc^r color per side. 
( )n a 34 inch web. tins would gi\e an 
eltecti\c (A4 ct^jui \ ;i letU } print speed of 
lO/^OO pjMn \sith a r),2.> m/s paper 
spec*.!. 

If ihe primer speed is reduced, the 
energx required to prim ;i page is disuib- 
uied o\ei a longei" lime, so the |>^t\^er 
cnnsurnpliMi) is i e(.lue(.'tl . fur opeialmn 
Iroin .A .A b.iueries dn^ can be impiutani. 



as the internal resistance t)f the batteries 
limns the a\-ailable pi>wer. The batter>- 
lifetime is not an important issue, as 
hundreds of pages can be piinied from 
one set o)' batteries, fhe drop repetition 
rate can he reduced as U.nv as desired to 
reduce power consumption, as the 
CMOS design is l\ill>- static. 

Low Head-to-Paper Speed 

The nominal head to paper speed of 
a photographic Memjet printhead is onl\ 
0.076 m/sec. For an .A4 printhead it is 
only 0.16 m/see.. which is about a thud 
of the typical scanning inkjet head 
speed, fhe low speed simplifies printer 
design and improves drop placement 
accuracy. Ilowever. this head -to -paper 
speed is enough ibr 34 ppm printing, 
due to the pageuidth printhead. Higher 
I speeds can readily be obtained where 
required. 

High Speed CMOS not Requireci 

'I'he cUick speed of the prmtheail 
sliii't registers is only 14 MI lz for an let- 
ter/ A 4 printhead operatmg at 30. ppm. 
for a photographic printer, the clock 
speed is onl> 3.S4 Ml lz. 'fhis is much 
lower than the speed capabilit) of the 
CMOS process used, fhis stmj^ilifies the 
' CMOS design, and eliminates power 
dissipaiii)!! prt>blems when i')rinting 
near- white images. 

Fully Static CMOS Design 

file shift registers and transfer regis- 
ters ajc full\" static designs. .\ static 
design recjuires 3."^ iransisttirs per" nozzle. 
; compared to around 13 for a dynannc 
' design. However, the static design has 
several advantages, including higher 
noise immunity, lower cjuiescent power 
consumplittn. and giealer processing lol- 
er:tnces. 

Wide Power Transrstor 

fhe width to length ratio of (he 
p<tv^er U:insrsior i.s fiXS. fhis alln\^s ;i 4 
nhm on-iesiNiaiiee. v.hereln the dri\e 
Ir an.srslnr eoiisitmes f> 7" <, tif the aeUtal* >r' 
jvusei \v.heri oper;inip..' Irorn \ . I hi-. 



size transistor- fits l^enealh ihe actuator, 
'finis an adequate dri\'e iransisioi-, aloiiLL 
\sith ihe associated daia disnibuiron cir- 
cuits, consumes no cliip area ihai is noi 
alread\' rec]Lnrcd by the acluatt>r. 

fhcre are se\ eral \says to reduce the 
percentage t)f po\^'er consumed h\ the 
transistor: m crease the dri\e vtdtage so 
that the requrred. ciirrem is less, reduce 
the lithography to less than 0.5 micron . 
use BiC.MOS or other high current tlrixe 
technoiogx. or increase the chip area. 
atUnsing room for drive transistors 
which are not Linderneath the actuator, 
i lowever. the 6.7% consumption of the 
present design is considered a cost'per- 
formance optimum. 

Extensive SitnulatiorT 

L;.\iensi\e simulations of lluid 
i dynamic, mechanical, thermaf electri- 
cal, and other characteristics of the 
de\'ice ha\X' been performed, fhesc are 
done using software de\-el<iped at Sil- 
\erbrook Reseai"ch. in comhinati<Mi w'wU 
se\'eral leading c*.)mmercial so ft a re 
packages (.Ansys. Fidap. and Mat lab). 
Simulation is used as a 'compuialional 
microscope" \v hich is able to 'see' micn^- 
sct>pic stresses, lemperature piofilo. 
and Huid llo\s in \sa\s impossible \^ilh 
physicaf experiments. Alf simulations 
per form e<.i at Si Kerb rook Research are 
"causal", fhat is. no assumptions are 
made ahoui the motion of the ink or 
other aspects the de\ ice. .A simulated 
\<iliage pulse is provided lo ihe actuat()r. 
and then we watch v\ hal liappens. .Simu- 
lalions are per toirned at sul lleieni reso- 
lution to capture liie detailed beluu loi ol 
' features such as satellite drops. More 
than 2.()0t) simulatit>ns luive been per- 
i"ormed. using more than 20-()0(J hours 
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Yield 

Kinul-iciuriiiL: an> chips. l-iM- ih!> iwi- 
->»Mi. h;i\o pui coiisidL'rahlc L-inphaNis 
on iiKiximi/.iMi: \ icUI. I'lic base t'.\]()S 
pi'v'cc^s is 0.5 niicroiK a inaiurc iCL'iinol- 
iii:> able lo achic\ c \ cr\' high \ tcUis on 
reasonable si /eel chips. The chip si/.e is 
small: about S nini" per 1/2" pimi head 
seuiiieni { ] .} cm" for an X " prniiheaJ ). 



I be \ 1 1 \ IS jM-»>e^'ss w^ci: 'i \ ei \ 

■-en>iuv».' lo pariiciibiu- c^ 'niaiii i nation - 
niosi I call! re sizes aie v^ell ai^*i\c 1 
mieriMi. aiul most |;i\ersare tjuite msen- 
silixc lo pa !-i ie u i :i I e CO ma ni ilia 1 ion. 

IIo\\e\ei-. i[ is nol a uooJ idea lo Iv 
etim|ilaceni abom \ ielcl. especiall\ tor a 
new process. .■\cet>rdini;l\ . the \iekl 
estinialcs thai v\-e use are pessimisiie. 

i he yieki is ealculalcci iVom ihe tlefeei 




Ml 



1 1 1 1 ra i I * > a 

Yicici r:unt.vu[j 

I Ids [^rojeeiuwi -;N>nnies a slo^^ \ iclJ 
ramp-up over ai^uiiui > ears, ii siari.s 
\\\\\\ a dcleel vieii.sii\ of more than tOll 
Jeteets per cm", lalliniz lo aiiniiKi 0.2 
per cnv b> 200."^ . 




Redundancy and Fault Tolerance 

lo allow cosl-elTcctive production 
of pniiihcads in \hc early years when ilie 
deleci density is high, redundant prinl- 
heads can be used. 

The business model auiomaiically 
selecls between four conllguralions of 
prim -head, depending upon how the eosl 
of" each conflguralion changes with 



changing \ ield. I hese conllgurations 
are: 

1 ) A prinlhead with tiill redundanc> 
(two complete rows ob no//.les) made 
from tested and matched 1.'2"' printhead 
segments (a total oJ^ 20 half inch seg- 
ments). 

2) A pnnihead wiih lull redundancy 
made from two rows of unlesled 4" 




printhead segments (a total of 4 loui- 
inch segments). 

3) A printhead with no redundanc\ 
made from .1 6 hall" inch tested segments.. 

4) .A [irinthca^i v\iih no redundanc\ 
made from 2 four inch tested seuments. 



Printhead chip 



Noftfh'tl f)fif}thead coofigtir^ition with a s;/H//e .sc/ of luj/./Ja 
(51.200 total fto^zlos) 




Pnntijead chip 

Spare" phfithead chip 

Redundant pfif)thfjad configuration with two sots of nozzles 
(102,400 total nozzles) 
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\KKi' ot" X" priiuhc;uis l»»t!i viitkrviu 



Yield for Various Configurations 
Showing Optiintun Configuration 
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half inch fault toleram 4 inch fault tolerant half inch sorted segments 4 inch sorted segments - - Optimum configuration 



Printhead Manufacturing Cost 

The manufacturing cost of the print- 
head changes with y\c\d. AUliough the 
\ ield ot" The tauli lolcrani confiiiLiraiions 
oi" piinihcaJ \\'\\\ al\va\s be higher than 
iu>n-laLiU U^Ierani eonfiuuralions. lauh 



tolerance is not cost eftectivc oiice the lieieni). The graph below rcHects tiie 

defect densities are low enough. The pri- j total manufacturing costs of printheads, 

mar\- reason for this is that two complete ' including device sorting and packaging, 

sets of nozzles are required for iaiili to!- riie volume of manufacture is also eon- 

eranee (unlike memories, where a few <iJereJ into the e(^st jirojection. 
redundani rows and or columns are sul- 
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Manufacturing Cost for Various Configurations 
Showing Optimum Configuration 
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VOLUi'/ii." 

ilk- in.illUi.K'Uli iilL' In p!\-- 

c. 1 lo iliroiiLiii \ iu;in>|- phases: 
! ■) \ n mil l;ih pliasc. \s 1k'i\- onl_\ 
;u'vnnKl I on \v.atcrs per inoiiiti arc pro- 
ccssctl. tlic > icki :nv inw lo none anJ 
Uk- a\:ii!ab!o lunnhcr of priiuiicaJs is 



pcv AW a>--i!;:-!v\i 

) A jiiloi piiaNC. \\ iho number 

of x^alors proee>^eJ oacli monih i> 
5.000. 1 )crL-ci Jen>iitcs arc a.sMinicJ lo 
he l^ctwocn 10 pci- cm" aiul 100 pea' cnr\ 
noccssitatinu ihc use ol' reLhnKlancv [o 
achieve Liooei prinilieaJ yieUls, 




uluae -\^.00i) waierN arc process^-J 
moiiili Mere Jeleci Jcnsiiics aic 
c\pccicd to tall trom arounJ N p^r ^-n/ 
lo 0. i per cm" o\er ihe course of \]\^- 
\ears. Dui'iUL: ihis phase, ii is moic eosi 
el tccii\ c no/ [o usc reJu]Klanc\ . 



Millions of 8" Printheads per quarter for Various Configurations 
Showing Optimum Configuration 

20 
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half inch fault tolerant 4 inch fautt tolerant half inch sorted segments 4 inch sorted segments - - Optimum configuration 



Ea riy Product Mix 

The markci locus ^luring ilie" pilot 
phase and the main pr^Kliiciion pliasc 
should he difterent. During llie pilot 
i phase, markets \shich are re I alive I y 
' inscnsili\e lo print-head cost siiotitd be 
targeted. These include: 

1) Wide format printing (machine 
prices around $ I 0. ()()()) 

2) Nel\\>>rk color printing (machine 
prices he^\^een Si.VOOO lo <,7j)()()) 

.■^ ) Digital eommciciai prmting 
I (niachine prices S 1 OU.()(JO and up) 

4) IMioto finishing (machine prices 
helueen %>A)i)() and S2{).0()0) 

During the main manutactiiring 
phase, high \ohime markets can alst) be 
targeted. 




[v^ --ojET Prototype 
Fabrication 

HctiMV an inici^i alCil CMt )S 
MI NIS pn»ioi\ |v is UKiilc. ivconi- 
MKiui iIk- fahiicaiiiMi ot* a Ml- VtS 
pruU>l\ po. I Ik* iVll:MS pri>u>lypc can he 
made \ cr\ l-iilhrull) it^ a lull prim head, 
wilh McarK i*.icnlical acUiaior and no/./lc 
siructiirc. I he main limiuiiii>n ot' a 
:V1I!:V1S onK proiolypo is ihal (he luim- 
hor (>r nt>//los is limilctl. as a scjiaratc 
bond pad is ixHiuircd To i each no//.lc. 



I iic pioiin>:v de**ciiivvi i:e:c ha-- 
on!\ no//ie^ ;vi chip 1 Ik* hchav 
ol' a tew Liroiip>^ »»! ^ n*»//!eN i^ a near 
per lect model ol dte eniire chip pci for- 
niance. a> ihe lliiidic. iheinial. elecliical. 
actuisiic. iu- mechanical Ci»nplinu 
helween > nozzle i^iouir^ is exireniei> 
small. 

A chip la\oui \^ilh 15 nozzles is 
shown belinv. This chip is 3 mm x 3 
mm. and is replicaled tMi a 1.2 .\ 1.2 cm 
mask sei. The mask sei contains 10 vari- 
anis ol' ihe j^recise noz.zle dimensions. 



pln^ xaii'Mi-- ;cvi i.v iiii e-- 1 nc ir..i-.k 
aKti eoniam-- a ic^i jMmihead wnl; 
aii»und }iHn) nozzlo X.-. iheie no 
(M(*S on ihe chip. unK .Nome ^^\ the 
noz/les are 'wire*.! nji". I hi.^ ehip i> 
inlenLlcil lo tesi mechanical a>peci> oi 
liandlini^ and packauinji. 

The mask has been laitl oni usinu 
* Tanner Tools . and is available as Tan- 
ner or CiDSII Tiles. 

"The subsequent pages show the pro- 
cess sleps. and ihe mask for a siniile 
noz./le unil cell. 




Process details 

One micron of aluminum is deposited 
and etclied using Mask 1. Hiis mask 
includes the electrodes to the actuator, 
the bond pads, and the wiring between 
these items. It is possible lo replace the 
aluminum witli .TiN wiring and horxl 
pads. Mowever, that would diverge t\u- 
ther from the CMOS f MI-MS design, 
and add process risks. The region around 
the no/yJe chamber is on Metal) ■ for a 
1P2M CMOS Mi-MS process, \shile 
I lie electrodes are on metal 2. 




Mask 1 



I >ayer tliickncss 
I hickncss \ ari;iiio 
! jiicwiclth 
CD Accuracy 



Aligniiicnl accuracy 
AMgii lo 

I Production process 
I *r( )tiiici ion mask 



1 micron ( nominal ) 

} microns 

± 0.2 n*iicrt)ns . 



Mechanical 
Wafer tlal 
( iVK )S M i aiul M: 
( '(>Mt;n Its w iriuL: 



Top View 



Def)OSit arul 1 rnifjrrjn ;i!urniniMn 
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2) 1 Micron PECVD Nitride 




Process details 

One micron of PECVD silicon nitride is 
deposited and etched using Mask 2. This 
mask ineluiies the \ ias from the akimi- 
rnim to ihe llrsl TiN layer, and some rela- 
tivels' minor lluid control aspects. |-'or a 
C.\'K)S : Mi-jVrS process, this is the pas- 
sivation layer, and \\'\\\ typically he 0.5 
microns oTiilass Ibllowed b> ()..> microns 
oj" silicon nitride. 

/\ pure niu ide passi vaiitin la> er is pre ler- 
ahle. lo prevent it>ns iVom the ink Irom 
dilVusiui: ihroLigh the uhiss. 



Mask 2 



I (.T thick n^J.^^ 

I liiL kiies-^ s ;iri:iliv>n 

iJncwidth 

( *l ) Aceiiracx 

Aligmneni accuracy 

Aliurj lit 

rp Hliicliitn process 
I'l i 'vitKli* til )n.i\k 



I micron 
I micron 



: 0,1! iiiicron.s 
i 0.2 microns 
Mela! i 

( iVK )S passivation 
Same 



Top View 




Deposit ;ind otcli Irnicroii PECVD SiyNyH 



3) 1.5 Microns Sacrificial Polyimide 





Process details 



1.5 microns of spin-on photosensitive 
polyimide is deposited and exposed using 
IJV light 10 Mask 3. 'i'he polyimide is 
then developed and hardhaked. 1 .5 
microns is the Una I thickness - around 3 
hiicrons "of iicjuid is spun on. depending 
upon shrinkage. 




1 he polyimide is > 


sacrificial, so there is a 


wide range of allernative materials which 


can he used, sucli 


as glass or aluminum. 


Photosensitive po 


\imide simplifies the 


pi"t>cessinL:. as it 


el iminales (.ieposilion. 


etching, an;,l resist 


stripping steps. 


I .aver lliickncs^ 


1 ..1 microns 


Thickness v;irialion 


. :. 10% 


f\)lyirnidc sidewall.s 


■ appro.\. 60° ' 


I .incwidlh 


\ .2> iiHcron 


i'l) Accurac> 


: 0. 1."^ nncn ins 


.Ahuniiienl aceiinKA 


• U. 1 ."^ Ml icrt MIS 


Alii^n In 


Mcial 1 


i 'l < nil K l It 'M jM*' 'Ci- SN 




1 'n ulucli* tn in.isk 


Same 



Mask 3 



Top View 



1 fj tiiK.-ffjns Sri(;nfif:i;il plicjlosonsitivf.' [)()lyiinifio 
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4) Sputter 0.2 Microns TiN or (Ti,AI)N 






Process details 

0.2 microns of magnetron sputtered tita- 
nium nitride is deposited at 300 "^C and 
ciclicd using Mask 4. This layer coniains 
ihe acuiaior and pan ol'lhc paddle. 

in piHHluclion. ihe rcsisti\ il\" of this la>'er 
of I'iN slKHild be consistent (o wiihin a 
tew pcieeni over liie water. 

( I i.AI)N is preferred to l iN for higii etfi- 
eieiiev t)peraii(in. as it resists oxidation ai 
higiier temperatures. 




Mask 4 



I .ayt r ihickness 
I iiiek:iL--.N \ ;n"i;nioM 
l.iiicv^ ilh 
CO Accuracy 
Alii:ii - eni ;icciir:ie> 
Aliiii o 

I'rml 'ion |ir»n:c'^> 

\'Hu\ 't lit llKisk 



(J. 2 microns 
: „ 
\ micron 
± 0. i 5 microns 

(». 1 microns 
Meial I 
Same 
Same 




Top Viev^ 



0 2 [nif;ronj; TiN spultcfod ;U 300 fifM)((iOS C 
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5) 1.5 Microns Sacrificial Polyimide 




Process details 

This step is identical to step 3. 

1,5 microns of spin-on phoioscnsii i\ c 
polyimide is deposited and exposed using 
IjV light to Mask 5. The polyimide is 
then developed and • hardhaked. 1.5 
microns is the I'inal thickness - spin on 
around 3 microns depending upon shrink- 
age. The thickness deiermines the gap 
between the aclualor and compensator 
TiN layers, so has an elfeei the 
amoLinl that the aelnalor bends. 



I .aycr thickness 
i hickncss variai ion 
l*()ly i niidc sidcw ails 
I .incvvidlh 
CD Aceiira<j> 
Alignnicni accuracy 
Aliiin to 

i'roJuction process 
I'roiluciion nia.sk 



I . > microns 
: Kru 
appro.x. (){} ' 
1 tnicron 
: O.S microns 
i 0.4 microns 
Mclal I 

SiliMC 

Same 




Mask 5 



--- -J 




Top View 



1.5 (incrofis sa(;rihci;il pliotfjsof isitiv; polyirnirle 



6) 0.2 Microns Sputtered TiN 




Process details 

This step may be identical to step 4. 
However, there is no elTicieney ad\'an- 
lage in the use ofCTi.AON. as ihis hi>'cr is 
not part of the ihernial actuator, liithor 
TiN or ( ri.A!)N may be used equiva- 
lently. 

Deposit 0.2 microns ol' maunelron spiii- 
lered titanium nitride. i\\ *^C'. The TiN 
is etched using Mask 6. 

This layer is not electrical I >' connected, 
and is used purely as a mechanical cnm- 
poneni. 



I .av cr itiickness i).2 inicrtms 

Thickness variation . i; 

i I micron 




Mask 6 



i .ine width 

C*l> Accuracy ± 0. 1 .S niicrt)tis 

Alignment accuracy I 0. i 5 micrims 

■MiLin It. I iN 1 

I'mtliiclion pn>ces*^ Same 

I'todticl MM) mask S;iinc 



Top View 



0.2 (nicrons TiN spwtterGfJ at 300 fioqrees C 
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7) 8 Microns Sacrificial Polyimide, Al Mask 




Process details 

8 microns of standard polyimide is spun 
on and hard baked. This thickness deter- 
mines ihe hcighl lo the nozzle chainher 
roof. As long as this height is above a 
certain distance (determined by drop 
hreak-olV characteristics), then tiic actual 
height is ot" little significance. As this 
polyimide layer is not photosensitive, it 
ma\ be a filled layer lo obtain a lower 
coet ficieni ol ihermai.e.xpansion. 

A 50 mil aluminum hard mask is depos- 
ited. ( )ne micron ot" resist is spun on and 
exposed to Mask 7. The Al hardmask is 
etched . 



Mask 7 



1 .aver thickness 



S microns 



Thickness variation \ ^-4, - 0.5 microns 



l.inewidlh 
CD Accuracy 

ignrucnl accuracy 

I 'rotliiclion process 
I'r* nil icl loll I ti;isk 



2 microns 
i 0.5 microns 
: 0.1 inicoins 
I iN I 
.S;tmc 

i )CjK'IuK itM t.-K h 




8 (Tiicroos Sficrificial [JOlyimide. witfi alommufii mask 



8) Etch Polyimide using Oxygen Plasma 





Process details 

Sacrificial polyimide is anisotropically 
plasma eiched. The sidewall angle should 
he beuer ihan 80 degrees. The mask 
design shown for Mask 7 is ibr 90 degree 
side walls, and should be modified lo suii 
the etch process if the eleh process used 
varies more than ± 3 dctzrees iVoni vcriical. 



! I 1 microns 



TiN. Si;,N., 



Rich depih 
Rich Slop 

Sidcwiill angle j 90 degrees 

Angle accuracy .:■ 3 degrees 

Alignnieiil accuracy j ±- 0.2 microns 

. .Align It. TIN 2 

j IVodueiioii jirocess ! Same 



Uses aluminum hard masrk from previous step 

Xx" 



\ ; 



Top View 



Etcli Sr'icrilicijil potyimicio usinrj oxyfjen ptasin,! 
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9) 1 Micron Conformal Silicon Nitride 




Process details 

1 micron of PECVD silicon nitride is 
deposited at 300 This fills the chan- 
nels lonned in ihc previous PS polyiniide 
layer, forminu the no/.zlc chamber. 

In I he cross section, some areas appear to 
be large solid areas of^ nitride. I hese are 
acuially 2 micron tiiick slots \ ie\ved side 
on. 

Tliis la\er is not particularly critical, llie 
major requirement is good adhesion to 
1 iN. l-.nclosed vacuoles shoukl not cause 
problems. 

1 he nitride (.lepositiun is ^()llo\^ed b\- 1 
micron of p^)ly iniidc. whieh is hardbaked. 



Si;^N, thickness ' i micron 

riiiL-kiicss variMtion 1- 2.5% 

I'()l>'iniKlc thickness 1 micron 

riiiekncss variaiiitn ; /- 2.s'*-'.. 

rrotinclioti process Santc 



No Mask 



Top View 



'If 



1 tnicfoo f;onfnf inal PECVO Si;^N,,H^ 1 rnicroD [jolyKnifjc 



Menijet 



10) Etch Polyimide and Nitride 




Process details 

The polyimide is etched down to nitride 
using Mask 8. Tlie nitride is then etched 
down to Sac ? polyimide usi nu the Sac 4 
polyimide as a mask. 



■ PI Etch dcpti) 


1 .?> micron 


litch variation 


± 10% 


Nitride l:ich depth 


j 1 micrt>n 


litch variation 


± 10% 


Lin^;\^'idth 


j 1 micron 


CO Accuracy 


:i: 0. 1 5 microns 


Alignment accuracy 


1 ::: t). 1 microns 


Aliun in 


1 iN : 


IVodiict ion process 


Same 


I*n)dLiciit>n mask 


Same 



9i 




Mask 8 



1 ! 



Top View 



Etch ot Sr'if: '1 polyimide fuici no//l(? rool SiyNyH^ 
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11) Deposit 0.25 Microns of PECVD Nitride 




Process details 

0.25 microns of conformal PECVD sili- 
con nitride is deposited at 3{)()'^C-'. 

I fiis layer Torms tiie nozzle rims, using a 
'side wall spacer" like process. The thick- 
ness is not particularly critical, and co.uld 
be substanlially thinner it" desired, as 
there is insignificant lluidie pressure act- 
ing on the rini. 



No Mask 



Si-N.j ttiickiicss 


iioniiiKil ().2s 




microns 


't hickness v;tnali()ii 


: 2yyn 


Production process 


S;inie 




Top View 



"'"I 1 



Deposit 0.25 microns ol PECVD Si^^NyH 
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12) Anisotropic Etch of Nitride 




Process details 

The nozzle rim nitride is anisolropically 

plasma eiched. The eich can be limed, as 
eich depih is noi criiical. SLihsianiial 
ovcrelch is required to ensure ihai on\\ 
vertical ninide walls remain, and ihai 
nilride o\er-sl()pinu lopograph) is com- 
pleiel\ rcmoxed. 



fjch dopili j 0.5 microns 

Dcplh viiriatidn 1 ::: 20% 

l*rotiiic(i()n process | Same 

I'rotliiclion ni;isk None 



No Mask 





Top View 



r >^ — & j 

- •* * ^fvy—^L J. ; 



ii' 



0 5 micron iuiiSOlropic sidfiv/iiir o\r,\\ of Six^yH^ 
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13) 4 Microns of Softbaked Resist 





Process details 

spin on 4 microns of resist and softbake. 

This resist layer is lo proleci the front 
side of the wafer during back etch, l he 
resist thickness is to cover the lopograi:)hy 
of the MHMS devices, and thereb\ atUnv 
a vacuum chuck to be used. 



Resist thickness 
't hickness variation 
IVodnciitin process 
I'ro(.luelion nuisk 



A niicrdns nominal 
+50% - 25% 
Same 
None 



No Mask 



"Top View 



A iiiicfoos sottt)<akf,'f i fosisl ay, ;i [jrotfjotivo \:\ycj 



14) Back-etch using Bosch Process 




Process details 

The wafer is thinned to 300 microns (to 
reduce back-cich linie). and 3 microns ol' 
resist nn \hc hack -side of ihe wafer is 
exposed lo Mask 10. Alignmeni is in 
meial 1 on ihe iVoiii side of the wafer, 
'fhis ahijnment can be achieved using an 
IK microsciipe attachment to tlie waler 
ahgner. I he wafer is tlien placed on a 
platter and etched lo a depth ot* 330 
microns (allowing 10% o\erelch) using 
the deep silicon etch "Boseli process", 
I his process is available on plasma etch- 
ers from Alcatel. IMasma'f herm. and Sur- 
face I echnolouN Svslems. 



I;lch ilcplh 


330 iiiiemii 


\AcU vari;ilioii 


± U)% 


Li new id ill 


40 microns 


C\) Aeeiiriicv 


± 2 inicr^Mis 


AliunmcMl aceiir;K> 


: 2 iiiierons 


Align l«. 


NL-tal 1 


I^'<«cliicli«>n process 


SauK- 


I'mthit iH n» in.isk 


I'll 11 \k;uV; 




Mask 9 (includes chip edges) 




Bottom View, rotated arOund horizontal axis 



-u 1 



) I 



Bc'ick-ctdi throu(jli vvnfer osiruj liosch [KOCGSS 




Process details 



The chips were diced by the previous 
Bosch process back-elch. I-Iowcver. the 
wafer is still held together by 1 1 microns 
oj' polyiniide. The wafers must now bo 
lurncd over. This can be done by placing 
a Ua\ over llie wafer on the platter, and* 
uirning die whole assembly (platter, 
xvalbr and lra\ ) over while maintaining 



light pressure. The platter is then 
removed, and the water (still in the tray) 
is placed in the o.xygcn phisma chamber. 

All of' the sacrificial pol\ iinide is ashed in 
an tvxygen plasma. 




P;if;k;i()o. hoticf. prime, and tost 



16) Package, Bond, and Prime. 




Process details 

Glue the chip into a package with an ink 

inlet hole, for example, a pressure trans- 
ducer package. The ink hose shi)uld 
include a 0.5 micron ahsoluie I'llier lo 
prevent eontaminalitm oTihe no/./.les. 

The prototype Memjet eliips arc 3 mm 
square, hut the ink inlet hdle reuit>n is 
only ahout 240 x 160 microns, in the cen- 
ter of the chip. Glue the chip inio the 
package so thai the chip ink inlet is over 
the hole in the package. This requires 
only 500 micron accLirac\ . Wire bond the 
6 connections to nox/.les to be tested. 

I'ill the packaged printlieaJ under approx. 
5 kl'a ink pressure to prime it. 




17) Test 




Process details 

Testing of the ink jets is performed by a 
mixture of physical observation and sim- 
Li I all on. 



The primary physical test is \o take high 
speed photomicrographs ol' the ink ^irops 
in flight. This is done with a special opti- 
cal microscope, a high speed Hash, a 
gated photomultipher plate, and a high 
speed CCD camera. The images* are 
stored on compiUer and carefulK' com- 
pared to the simulation resiihs. When the 
simulation matches tlie experimental 
images to wiiliin a few percent, then the 
simulation can act as a imcroscof^e' able 
to see almost any aspecl ot" the no/./Je 
operation. 



Actuate 



Return 




Sil\erbrt)ok Research is establisliing a 
testing laboratory that will be able to per- 
lortii ihe necessai> tests, and cturelale 
these tests \sith extensive Ninu " 
resu Its. 
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The New Age of Robot Pets 



Sat^Newshles Monday, November 23, 2001 Daily News 2 

The Mysterious Return of Tutankhamen 




The mask of Tutankhamen, safely 
returned to the Cairo museum. 



TOYKO-- The latest "must have" toy 
has arrived on the supermarket 
shelves. It's called "Twinky" and it's 
a fully functioning robot . Twinky was 
designed by the Sony corporation as 
an intelligent pet, ready for the home, 
without the maintenance required for 
a regular animal. 

Twinky is a complex design, crafted 
for real-world interaction. Twinky 
pools the talents of engineers in soft- 
ware , computers , sensors and com- 



CAIRO -- As mysteriously as it dis- 
appeared two weeks ago, the famous 
golden mask of King Tutankhamen 
has been returned to its home. 
Egyptian police were alerted to by 
telephone of a package sitting out- 
side the back entrance to the Cairo 
museum yesterday morning. Upon 
investigating further, the police dis- 
covered to their joy that it was, in 
fact, the missing artifact. 

The artifact was discovered missing 
by a security guard in the museum at 
4am on November the 11th. The 
security crackdown has led to the 
unearthing of hundreds of illicitly 
stolen artifacts throughout Egypt and 
the world. 

Pieces that have been missing for 
generations have been recovered 
from private collections around the 
world, as "dob a robber" has become 
the favourite pass time of the rich 



munications. In fact Twinky is the 
culmination of years of research into 
artificial intelligence and robotics. 

Twinky uses the latest in CPU tecli- 
noloev , and redefines the term 
"robot". Twinky, you see, has emo- 
tions. She can be happy or sad, bad or 
boisterous. And the complex sensors 
encapsulated into Twinky's infra- 
structure means that Twinky can 
actually see and hear the world 
around her. 



and famous privvy lo these illicit col- 
lections. The Egyptian government 
has been overwhelmed with offers of 
help, and a crack anti-theft squad was 
instantly dispatched by the French 
police in charge of the prestigious 
Louvre museum in Paris. 

A breakthrough came last Thursday 
with the discovery^ of the artifact"s 
pedestal in a Cairo warehouse in the 
north of the city. Police were in the 
process of questioning several sus- 
pects when the golden death mask 
was returned yesterday. 

"We can't believe our luck" said 
Mohommed Sharim, Director of the 
Cairo Museum. '"Never before has 
such an audacious theft occurred, 
despite extremely sophisticated elec- 
tronic monitoring equipment. We are 
very pleased the mask has been 
returned to us." 



Twinky is intelligent and 
autonomous, and is able to pierform 
requested tasks and is also able to 
learn. She can be naught}' though, 
and discipline is part of the robot's 
appeal. No spanking for Twinky, just 
strong words will suffice. 

And don't wony about having to 
pick Twinky up when she falls down, 
she can get up all by herself. 

Sales of Twinky start today, and it is 
anticipated that the queues at depart- 
ment stores will quickly be replaced 
by happy customers. 



The New Age of Electronic Pets 



Sam's Newsfiles Monday, November 23, 2001 

Sam's Email 



Em 




Hi Sam! 

Hi Sam, 

This is Christine's Mum. Christine 
says to say hello and would you 
come over tonight and play? 
Sam says she hasn't been at school 
last week because she's been sick, 



but she misses you and would like 
to see you soon. She has to go to the 
doctor's today, but she is very much 
better. She drew you this picture of 
your dog while she was sick. 
Sincerely 
Caroline Brown 




A Ron Howard film. STARRING Cyn>kl^i^^^fl&^^^ Barbara Uttlef irie 

PRODUCED by Stella Bcrwoan.Mt>eLTAWORKS PRODUCTTON4 



Rated G 



Ick! 

Sam, 

1 went over to Toby's house yester- 
day, and he was digging a cubby 
house in his backyard. He threw 
worms at me! Horrible boy! Anyway 
I guess we should get him back on 
Saturday at Chris's Party, what do 
you think? 



Suzi Woods 




Hate and other 
stuff 

Sam, 1 really hate Toby Withers. 
Let's put dirt in his bag today. Either 
that or we can pull his hair. What do 
you think? 



Shelly Wordrow 




Did u know? 

Hi ya Sam, 

1 mised you after our vacation togeth- 
er, but it was god fun wasn't it? Did 
u know that my dad is going to New 
York this week on a bisnes trip? He's 
staying in a big hotel in the cit^^ 
Wot's it like living ni New York? 
Here in Maryland it's really quite but 
its gud ftan on the farm. 

My Mom says that I can use her 
computer to send you messages once 
a week if you would like, and we are 
going to Coney Island again next 
year for our vacation to. 

Are you going again? That would be 
reealy cool, cause we culd play in the 
sand again like we did this year 

rhis email is taking me so long to 
write cause 1 dont know where any of 
the keys are. You hav e to learn to 
type to use a computer really fast. So 
when I'm older I'm going to. Bye 

Katherine May ^tt^^^^Ql 



Sa^PNewsrles Monday, November 23, 2001 

Gazing at the Night Sky 



..Mind Benders 4 



Clue: What is the name given 
to stargazing and what is it? 
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WORDS 


Emit 


Jupiter 


Night 


Saturn 


USA 


Asteroids 


Field 


Leo 


Orbit 


Scan 


Venus 


Astronomy 


Galaxy 


Lens 


Pulsar 


Sky 


Virgo 


Celestial 


Gamma 


Light 


Polar 


Star 


Xray 


Comet 


Gravity 


Mars 


Quasar 


Starburst 


Cosmology 


Halo 


Meteor 


Radio. 


Space 




Crafl 


Heaven 


Milky Way 


Ray 


Supernova 




Dark Matter 


Hot 


Moon 


Rotate 


Sun 




Day 


lo 


Nebula 


Red Dwarf 


Terra 





The words 
may be back- 
wards, front- 
wards, diago- 
nal or around 
corners. 



DID YOU KNOW? 

If you're having trouble 
remembering the names of all 
the planets in the solar sys- 
tem, simply remember 
this catch phase: "A//y 



very earnest mother just sat 
upon the north pole " 
Each letter at the beginning of 
each word stands for a planet. 

My = Mercury 

very ~ Venus 



earnest = Earth 
Just = Jupiter 
sat = Saturn 
upon = Uranus 
north = Neptune 
pole = Pluto. 
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Director George Lucas Starring Mark EVERYWHERE 
Hamill Evvan Richardson 





Knock 

Knocks 

Knock knock. 
Who's there. 
Pencil. 
Pencil who? 

Pencil fall down if you don't 
have a belt. ^ %i 

Knock Knock. 
Who's there? 
Ice cream soda. 
Ice cream soda who? 
Ice cream soda neighbours 
wake up! 

(I scream so the neighbours 
wake up!) 







The boy .56q^ of 
colors for thts ultirnate acdessor^! 



; . "[[ * :^ a\\ ; * rridjor */ .toy . 
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Family and Friends 



pi 




Chris's Birthday Party 

Hey Ever>'body! Don't forget it's Chris's third birthday 
party on Saturday! Here's a picture that I took of her 
last week, cool hey! Anyway, the party' starts at 12, 
bring a plate and wine. Could you RSVP please, so I 
can do a head count on how many children are coming, 
we've got some special treats planned. 
So be there, or be square. 

5/315 114th St. 

New York 

Ph 55568484 
Love Karen. 



Death in the Family 

Grandma tells me that Great Uncle 
Warren passed away peacefully in the 
Golden Years Nursing home in NYC 
yesterday. Warren was a private in 
World War II, when he ran way to the 
army at the ripe old age of 1 7. He rose 
to the rank of Sergeant during the 
1950's, when her served in Korea. He 
never married. After he left the forces 
he studied at NYU and then set up his 
own dental surgery in Mystic, 
Connecticut. As an active member of 
the local municipal council, helped to 
ftind the Mystic Seaport. 



He lost contact with 
many of the family in 
the 1960's when he 
moved to Africa, 
where he worked for 
Community' Aid 
Abroad for 15 years. 
There he worked further in dentistry, 
where he was involved in training 
many of the younger generation of 
dentists in Zimbabwe and Zaire. 
He returned to the US in 1980, where 
he set up his practice in Brooklyn. 
There he was known in the local com- 
munity for his passion for breeding 
butterflies. Warren Sheldon was 83. 




Lucy Sheldon. 



Okmii tliuck (illiarm 

Oh let today be sunny, inside my heart as wel! 
as outside in the world. Let me succeed in iny 
goals and conquer my fears. 

I will not let others gel me down, and I will 
follow my dreams. For dreams are all that we 
can achieve, all that we could wish for. 



Jonathon does us 
Proud! 

Jonathon, who has been struggling in 
the junior league baseball, has made 
the B grade in the under 12's base- 
ball team next season! 
He's playing for the Junior Braves, 
and hopefully he will get up to A- 
reserve soon. Even tho the baseball 
season is well and truly over, the 
selectors had a special playoff two 
weeks ago to pick the teams. 
The B team will be travelling to 
Dallas, Texas mid season next year 
for two games against the B grade 
down there! 

1 took this picture on our new digital 
camera last summer. 
Hope to hear from you all^soon now! 

Sally Wright 




When ice is a salvation. 
VJhen hearlis crack. 
In Cinemas December 1st 
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■ lo iMe region to b-s colored in Print wbet~. finistie:j 



Colors 
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The Interactive Adventures of Prince Zelmar 



IK 




As the "Tiger of Rome" sails westward towards the straits of -Aroth, Crown Prince Zelmar. 
ponders his future. 





■ \ ^ ■ - M, 

■ ' .J •: p ■ 

SI' 


As the warships gather in the south, he 
now knows that hopes of peace are futile. 


Princess Stephanie has rejected him. his hopes 
of settlement throuqh marriaqe will not succeed. 
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Suddenly the water 
"Tiger of Rome" boils. 



beside the 




Crown Prince Zelmar gasps in astonishment as a 
Zoithawian sea monster burst out of the sea. 




The beast is enormous! Quite capable of eating the ship as a single mouthful. But 
Ziothawian sea monsters are intelligent, so should Zelmar talk or fight ? Continued tomorrow... 



Sam^^Jewsfiles Monday, November 23, 2001 



Eco Aware 10 



Cats of Asia 



The Leopard, is an elegant, long-bodied cat with a pro- 
portionally smaller head, sturdy legs of medium length 
and a long tail, more sinuous in its movements than the 
heavier bodied lion and tiger . 

Leopards are found in a wide range of habitat, from 
desert to savanna and forest . Once found through most of 
Africa and through the Middle East to Java, they are still 
fairly common in some parts of central and east Africa 
and there are scattered populations in east Africa and 
many parts of Asia. The close soft coat of the leopard is 
short and sleek in tropical areas, longer in colder climates. 

In India it often seems to prefer to live near villages 
where it preys on dogs, goats, calves and chickens. The 
leopard can be a very secretive animal and is a stealthy 
hunter. Depredations on domestic livestock may be out- 
weighed by their control of baboons, cave rats, and other 
animals that destroy crops. Other prev includes almost 
anything from antelopes to rodents, hares, frogs, and even 
dung beetlesThey are strong swimmers and climb well, 
often carrying carcasses 20 feet (6 m) up into a tree. 

The leopard can be a very secretive animal and is a 
stealthy hunter. In areas. where it is himted, the Leopard is 
nocturnal and seldom seen except in reserves where it has 
become used to vehicles and may be seen himting in the 
daylight. 

Although solitary, there have been reports of males stay- 
ing with their mates and even helping rear cubs, and 
group of up to six have occasionally been seen. 



The common leopard Is found In parts of 
Asia. 



The black Panther is a black 
leopard which has black 
rosettes on a black back- 
ground. 



Leopards have up to four 
cubs in their litters after a 98 
day gestation period. 
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The Snow Leopard is an endangered species that live in mountainous regions in Asia and the Former Soviet Union. 



Up to four cubs (but usually two) are bom 
after a gestation period of about 98 days, in a 
cave, hollow tree or thicket. The cubs are 
bom with dull gray hair. They are weaned at 
three months, but stay with their mother until 
18 months to two years old and reach sexual 
maturity and full size at two and a half to 
three years old. 

She may move them from place to place. 
When the cubs are older, she will lead them to 
a kill. The young play by stalking and pounc- 
ing, preparing thenr to hunt on ihcir own. 
Life span of the leopard is 21 years in captiv- 
ity. 

Leopards have a call, described as a "grunt- 
ha! gruni-ha!", and a variety ofoihcr grunts, 
coughs, and a sound like someone sawing 
wood, but they are usually silent. 

A few leopards appear to be black because 
they have black rosettes on a black back . 
grounds. These leopards are known as black 
panthers . 



Leopards have been heavily hunted for their 
fur, and loss of habitat and natural prey has 
increased predation on stock (and sometimes 
attacks on people) leading to further killings. 
They are now protected through most of their 
range and are listed as endangered. 

SNOW LEOPARD 

(Panthera uncia) 

The show leopard has a thick, beautiful gray 
to ycllowish-gray coat rnarked with large 
black rosettes. Hunting for its beautiful coat is 
just one of the reasons this cat has become an 
endangered species. In some areas, natural 
prey sources have been depleted due to 
human encroachment. 

Snow leopards live in mountainous regions, 
between 6,000 and 20,000 feet in altitude, and 
are found in the mountainous regions in the 
former Soviet Union, Mongolia, India, 



Pakistan, Afghanistan, China, Bhutan and 
Nepal. 

Although accurate wild population estimates 
are difficult to make due to the remoteness of 
the snow leopard's range, only 5,000 animals 
are believed to survive in the wild. 
■ There are currently over 600 snow leoptards 
in captivity worldwide. More than 250 ani- 
mals are managed in North America as part of 
the American Zoo and Aquarium 
•Association's SSR (Species Survival Plans) 
The plans outline breeding plans, work to 
increase public awareness and education, help 
conduct research, and in some cases, organise 
programs to reintroduce captive-bred wildlife 
into secure habitats. 

I he snow leopard's range is spread across 
eight international boundaries, making the 
establishment of a cooperative effort to save 
them very difficult. 
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To celebrate the new season's snowfall, today's digital designs are "Creatures of Winter". 
V Aan download each of these designs at an A4 size. 

. ^ page is sponsored by Wildlife International. Wildlife International is an organisation 
actively involved in conservation worldwide, including the sponsorship of the "Tiger 
Reserve" in India, as well as purchasing large tracts of wilderness and creating managed 
wildlife reserves in South America. Projects also include the White Rhino breeding proj- 
ect in Africa and Australia, and the Bald Eagle Project here in the U.S.A. Simply press the 
image you want and then the Print button. 
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More Stuff 


Comics 
Xara-Oueen of the Dead 


Icuanas 
Jaeuars 


Nintendo games 




Batman 


Kanearoos 


General Classifieds 


Jokes 


S I] Derm an 


Lions 


Aquaculture - Fish 


Liehtbulb Jokes 


Ninia Turtles 


Monkevs 


Computers 


Children's Jokes 


Micky Mouse 


Nautilis 


Clubs and Societies 


More ICnock Knocks 


Donald Duck 


Octopus 


For Sale 


General Jokes 


The Avenger 


Porpoise 


Garace Sales 


Lone Jokes 


Invisible Man 


Rabbits 


Gardening 


Blonde Jokes 


- Danger Duck! 


Snakes 


Handicrafts 


Irish Jokes 


Denis the Menace 


Tortoises 


Hobbies 




Popeye the Sailor 


Uranpuatan 


Internet Services 


Join the Dots 




Vipers 


Lost and Found 




Art 


Yaks 


Musical instruments 


Picture puzzles 


Landscape Art 


Zebras 


Music CD's 


More Spot the DifTerence 


European 




Nintendo Games 


Pvthaeorian Miridbenders 


African 


General Art 


Pets 




Australian 


Still Life 


Personal Messages 


Riddles 


Asian 
American 


Portraits 


Pools 
Toys 


Maths Puzzles 


The Tropics 
Animals 


Collectables 

l-iiiurincs 


Soortine Equipment 


Cross Word Puzzles 


Apes 


Barbie dolls 


NcLuat'ilcjs HHcnu 




Bultertlies 


Dolls of the World 


Easy Cross Word 


Cats 


Teapots 


Do you know what you're 


Cryptic Cross Word 


l^ogs 


Doll House Turniturc 


missing out on? Want to refine 


Giant Cross Word 


Eleohanls 


Comics 
Action Men 


your Newsfiles? Press Here. 


Tongue Twisters 


Giraffes 
Horses 


Transformers 
Star Wars Ficures 






Hacksaw 

With the durability of 
stainless steel ttiis hacksaw 
vAW last for years 

Retail: $8.00 
Our price $6.50 




Pruning Saw 

Tackle those pruning needs 
yM\ this durable and versttile 
saw 



Retail: $2.00 
Our price $1 .50 




Plaster Saw 

A most for the home 
renovator. Trim your plater to 
the exact size. 



Retail: $15.00 
Our price $11.50 




Carpenters Saw 

This saw has been designe 
to stay sharp longer. 



Retail: $18.0 
Our price $11.5' 




Pliers (Set) 

SIDCUT pliers offer you 
quality without the large 
price tag 



Grips (Set) 

SIDCUT Gnps oflfer you 
quality without the large price 
tag- 



Retail: $9.00 
Our price $6.00 



POWER TOOLS 



Retail: 
Our price 



$4.00 

$1.50 



Needlenosed Pliers 

For those hard to get at 
positions you need 
Piontant Pliers 



Retail: 
Our price 



$2.00 

$1.50 





Adjustable Grips 

This set of handy grips 
allow you to grip almost 
anything. 



Retail: 
Our price 



$6.0( 

$4.5( 





HITACHI Cordless Drill 

You never have to worry 
about a power outlet with 
this quality product 




Electric Plane 

Save time an effort with this 
professional electric plane. 




Bench Grinder 

This grinder has all the 
power you'll ever need. 




Jigsaw 

With this jigsaw you can ci 
just about anything deanly 



Retail: $58.00 
Our price $46.50 



Retail: $118.00 
Ourprice $106.50 



Retail: $125.00 
Ourprice $ 96.50 



Retail: $38.0 
Ourprice $29 5 
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HARDWARE 



YOUR HARDWARE HANDYMAN SPECIALISTS 



INFORMATION 




HtTACHl CORDLESS DRiLL 



mssttfif^m 






WEIGHT: 


1 POUND 


Hard Carry Case 


CHUCK SIZE: 


1/2 INCH 


Soft Carry Case 


RPM: 


1500 RPM 


Belt Hook 


CHARGE LIFE: 


2 Hours Constarrt Use 


Easy Out Attachment 


RECHARGE TIME: 


12 Hours Trickle Charge 






11/2 Hour Quick charge 




BATTERIES: 


2 X 9.6v NCA High Charge 






Press Info Button 
for Technical Manual 
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EQUIP 

HARDWARE 



YOUR HARDWARE HANDYMAN SPECIALISTS 



QTY 




DESCf^lPTIdKl 




HITACHI CORDLESS DRILL 
9.6v 1/2INCHCHUCK 




EACH 
46.50 



TOTAL 
46.50 



Sidchrome' Socket Set 
Imperial 1/2 Inch 

Electric Plane 

Makita Power Plane 





52.50 



106.50 



52.50 



106.50 




Bench Drill 
Ryobi 



X 



3 



Screwdriver set 

Sidchrome Philips Head 

Pliers Bullni>sed 

Mechman Electricians Pliers 

Needlenosed Pliers 

Piontant Pliers Drop 
Forged 

Adjustable Grips 
Sidchrome 
^1/22nchand_2Jnch 

Carpenters Saw 

14 inch Blade 





18U.00" 



2.00 



6.00 



180.00 



6.00 



1.50 

4.50' 
11.50 



6.00 



1.50 



4.50 



11.50 



Customer 

Mr l.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date Printed 11/3/2001 



SUBTOTAL 

FREIGHT 

TOTAL 



234.00 



4.0O 
238.00 





YOUR HARDWARE HANDYMAN SPECIALISTS 



CHECKOUT 



QTY 



DESCRIPTION 



EACH 



TAX 



TOTAL 



HITACHI CORDLESS DRILL 
9.6v 1/2 INCH CHUCK 




46.50 



46.50 



Sidchrome Socket Set 
Imperial 1/2 inch 




52.50 



52.50 



Electric Plane 

Makita Power Plane 




106.50 



106.50 



Screwdriver set 

Sidchrome Philips Head 




2.00 



6.00 



Pliers Bullnosed 

Mechman Electricians Pliers 




6.00 



6.00 



Needlenosed Pliiers 

Piontant Pliers Drop 
Forged 



Adjustable Grips 
Sidchrome 
1/2 inch and 2 inch 




1.50 



4.50 



1.50 



4.50 



Carpenters Saw 

14 inch Blade 



11.50 



11.50 



Customer 

Mrl.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date Printed 11/3/2001 



Payment Details 

>e<lit Card 

I I MASTER CARD 4564 xxxx xxxx 9696 

I I Other Credtt Card 
I I Cash On Delivery 
I I Account 



SUBTOTAL 

FREIGHT 

TOTAL 



235.00 



4.00 



239.00 



i 



EQUIP 

HARDWARE 



YOUR HARDWARE HANDYMAN SPECIALISTS 



PICKING LIST 








DESCRIPTION 



HITACHI CORDLESS DRILL 
9.6v 1/2 INCH CHUCK 



Sidchrome Socket Set 
Imperial 1/2 inch 



Electric Plane 

Makita Power Plane 

Screwdriver set 

Sidchrome Philips Head 

Pliers Bullnosed 

Mechman Electricians Pliers 

Needlenosed Pliers 

Piontant Pliers Drop 
_ Forged 

Adjustable Grips 
Sidchrome 
1/2 inch and 2 inch 



Picked 




Carpenters Saw 

14 inch Blade 



Customer 

Mr I.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 

Date Picking List Printed 11/3/2001 



i 



EQUIP 



YOUR HARDWARE HANDYMAN SPECIALISTS 



Customer 

Mr I.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date 11/15/2001 




QTY 


DESCRIPTION 


EACH 


TAX 


TOTAL 


1 


HITACHI CORDLESS DRILL J^^^- 
9.6v 1/2 INCH CHUCK ^ 


46.50 


0 


46.50 


1 


SIdchrome Socket Set |^^^^h 
Imperial 1/2 inch ^1"^^^^ 


52.50 


0 


52.50 


0 

•ackordered 


Electric Plane J^^~ 
Makjta Power Plane ^NHpP^ 


106.50 


0 


106.50 


3 


Screwdriver set y^^^ 
SIdchrome Philips Head iC^^^^fiA 


2.00 


0 


6.00 


1 


Pliers Bullnosed ^j/f 
Mechman Electricians Pliers /^'v 


6.00 


0 


6.00 


1 


Needlenosed Pliers 

Piontant Pliers Drop 

Forged i.<t.-^,-.>,T,...:v>i, 


1.60 


0 


1.50 


1 


Adjustable Grips ^^^^ 
SIdchrome ^ 
1/2 inch and 2 inch 


4.50 


0 


4.50 


1 


Carpenters Saw 1^^^^. 
14 inch Blade 


11.50 


0 


11.50 



^11 Ip would like to Humk you for your order. 

¥e look forward to having you shop whh us 
igaln. 



SUBTOTAL 

FREIGHT 

TOTAL 



128:50 



4.00 



132.50 
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Email from Joe Citizen 11.20pm, Wednesday, Dec 5, 2001 
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CC : 
SUBJECT: 
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tlmail 



from Joe Citizen 11.20pm, Wednesday, Dec 5, 2001 
SUBJECT: reiCQ-hs 



□ 
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The Leopard, is an elegant, long-bodied cat with a pro- 
portionally smaller head, sturdy legs of medium length 
and a long tail, more sinuous in its movements than the 
heavier bodied lion and tiger . 

Leopards are found in a wide range of habitat, from 
desert to savanna and forest . Once found through most of 
Africa and through the Middle East to Java, they are still 
fairly common in some parts of central and east Africa 
and there are scattered populations in east Africa and 
many parts of Asia. The close soft coat of the leopard is 
short and sleek in tropical areas, longer in colder climates. 

In India it often seems to prefer to live near villages 
where it preys on dogs, goats, calves and chickens. The 
leopard can be a very secretive animal and is a stealthy 
hunter Depredations on domestic livestock may be out- 
weighed by their control of baboons, cave rats, and other 
animals that destroy crops. Other prev includes almost 
anything from antelopes to rodents, hares, frogs, and even 
dung beetles.They are strong swimmers and climb well, 
often carrying carcasses 20 feet (6 m) up into a tree. 

The leopard can be a very secretive animal and is a 
stealthy hunter In areas where it is hunted, the Leopard is 
nocturnal and seldom seen except in reserves where it has 
become used to vehicles and may be seen hunting in they 
daylight. 

Although solitary, there have been reports of males sjtfy- 
ing with their mates and even helping rear cjib<and 
^ ;^oup of up tojijUiav c ocuisiutidlly be ec 




The common leopard is found in parts of 
Asia. 



The black Panther is a black 
leopard which has black 
rosettes on a black back- 
ground. 



Leopards have up to four 
cubs in their litters after a 98 
day gestation period. 



Email 



from Joe Cirizen 11.20pm, Wednesday, Dec 5, 2001 
george@memj et.com 



SUBJECT: re: cats 



iL_! 




The Leopard, is an elegant, long-bodied cat with a proportionally smaller head, sturdy legs of medium length and a long tail more sin- 
uous in its movements than the heavier bodied lioa and tiger . ' ' 

Leopards are found in a wide range of habitat, from dgggrt to savanna and forest . Once found through most of Africa and through the 
Middle East to Java, they are still fairly common in some parts of central and east Africa and there are scattered populations in east 
Africa and many parts of Asia. The close soft coat of the leopard is short and sleek in tropical areas, longer in colder climates 

In India it often seems to prefer to live near villages where it preys on dogs, goats, calves and chickens. The leopard can be a veo' 
secretive anunal and is a stealthy hunter. Depredations on domestic livestock may be ouUveighed by their control of baboons cave 
rats, and other animals that destroy crops. 



To: George <george@inenijet.com> 

^ M : Joe Citizen<j.citizen@citizenpIace.coin> 
L Wednesday, December 5, 2001 ll,20pni 
Subject: re: cats 



The Leopard, is an elegant, long-bodied cat with a proportionally smaller head, sturdy legs of medimh length and a long tail, more sinuous in its 
movements than the heavier bodied lion and tiger . 

Leopards arc foimd in a wide range of habitat, from desert to savaima and forest . Once found through most of Africa and through the Middle East 
to Java, they are still fairly common in some parts of central and east Africa and there are scattered populations in east Afinca and many parts of 
Asia. The close soft coat of the leopard is short and sleek in tropical areas, longer in colder climates. 

In India it often seems to prefer to live near villages where it preys on dogs, goats, calves and chickens. The leopard can be a very secretive ani- 
mal and is a stealthy hunter. Depredations on domestic livestock may be outweighed by their control of baboons, cave rats, and other animals that 
destroy crops. Other prey includes almost anything from antelopes to rodents, hares, frogs, and even dung beedes. 

They are strong swimmers and 
climb well, often carrying car- 
casses 20 feet (6 m) up into a tree. 
Etepredations on domestic live- 
stock may be outweighed by their 
control of baboons, cave rats, and 
other animals that destroy crops. 
Other prev includes almost any- 
thing from antelopes to rodents, 
hares, frogs, and even dung bee- 
tles. They are strong swimmers 
and climb well, often carrying 
carcasses 20 feet (6 m) up into a 
tree. 

The leopard can be a very secre- 
tive animal and is a stealthy 
hunter. In areas where it is hunt- 
ed, the Leopard is nocturnal and 
seldom seen except in reser\'es 
where it has become used to vehi- 
cles and may be seen hunting in 
the daylight. 

Although solitary, there have 
been reports of males staying 
with their mates and even helping 
rear cubs, and group of up to six 
have occasionally been seen. 
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ABSTRACT 

An information distribution system for distributing customized information on print media, the 
system comprising a first series of data collection units for collecting customizable data; a network 
5 interconnecting the data collection units with a series of customization output printers; a series of 
customization output printers comprising: a user identification means to identify a user of the 
customization output printer; a printer activation means to activate the customization output printer; a 
pagewidth printer element for printing customized booklets; such that, upon activation of the user 
identification means and the printer activation means, the data collection units download a current 
1 0 customized booklet for the user and the printer element prints out the customized booklet. 
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